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MCT/IGBT/DIODES PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing Discrete Power products for the most 
demanding commercial applications in this world and beyond. 


This databook fully describes Harris Semiconductor’s line of MOS Controlled Thyristors (MCTs), 
Insulated Gate Bipolar Transistors (IGBTs) and Power Diodes/Rectifiers. It includes a complete set of 
datasheets for product specifications, application notes with design details for specific applications of 
Harris products, and a description of the Harris Quality and Reliability program. A New AnswerFAX 
section has bee added which allows customers to request the very latest datasheets and have them 
delivered immediately to their own fax machine. A detailed listing of product Packaging dimensions pro- 
vides a wide variety of information at your fingertips. 


Harris offers an extensive line of MCT/IGBT/Diodes components; * MOS Controlled Thyristors (MCTs) 
Insulated Gate Bipolar Transistors (IGBTs) *¢ IGBTs with Anti-Parallel Diodes » Current Sensing IGBTs « 
Voltage Clamping IGBTs « Ultrafast Diodes * Hyperfast Diodes. 


It is our intention to provide you with the most up-to-date information on MCT/IGBT/Diode products. For 
complete, current and detailed technical specifications on any Harris devices please contact the nearest 
Harris sales, representative or distributor office, listed at the end of the databook; or direct literature 
requests to: 


Harris Semiconductor Literature Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


See Section 13 for Information Available on AnswerFAX, 407-724-7800 


Harris Semiconductor produci's are sold by description only. All specifications in this product guide are applicable 
only to packaged products; specifications for die are available upon request. Harris reserves the right to make 
changes in circuit design, specifications and other information at any time without prior notice. Accordingly, the 
reader is cautioned to verify that information in this publication is current before placing orders. Reference to 
products of other manufacturers are solely for convenience of comparison and do not imply total equivalency of 
design, performance, or otherwise. 
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* Product Selection Guide located at the beginning of section. 


TECHNICAL ASSISTANCE 
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For literature requests, please contact Harris at 1-800-442-7747 (1-800-4HARRIS) or call 
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RURG1540CC, 15K, 400V = GOOV Ulvaiast Dua! DIGGSS .0nc cere cree voor eaw deen twee nn ce RERUN MONS 6-21 
RURG1550CC, 
RURG1560CC 


RURG1570CC, 15A, 7OOY - 10G0¥ Dual Uliralast DIOdGS 20.0 secs nccctarvewnves deeew aces sees cows 6-24 
RURG1580CC, 

RURG1590CC, 

RURG15100CC 


RURG15120CC 115A, T20CV Witralast DUA DIGGS. 2.064 2cns awe Deke ee wee e RUNS SSE se Rose MN Re rwee 6-27 


RURG3010CC, 30A, 100V - 200V Ultrafast Dual Diodes .... 0... 0... ee ee eee 6-31 
RURG3015CC, 
RURG3020CC 


RURG3040CC, 30A, 400V - 600V Ultrafast Dual Diodes ..... 0... cece ee ee tenes 6-34 
RURG3050CC, 
RURG3060CC 


RURG3070CC, 30A, 7O00V - 1000V Ultrafast Dual Diodes ... 0.0... 0... cc ee ee ee eee 6-37 
RURG3080CC, 
RURG3090CC, 
RURG30100CC 


RURG30120CC SOA, 12007 Uliaiast Dial DIOGS:. cc 2ccccce cede kee daa bees eae FER aoe eas bees tA wD 6-40 


RURH1570CC, 15A, 700V = 1000V Uliratast Dual DIOGSS 26 ene cccdewenwe ena eeeneuneeueeu ous 6-43 
RURH1580CC, 
RURH1590CC, 
RURH15100CC 


RURH3010CC, 30A, 100V - 200V Ultrafast Dual Diodes .......... 0... 0. ee ee ee eee eee 6-46 
RURH3015CC, 
RURH3020CC 


RURH3040CC, SOA, 400V - GOOV Ultrafast Dual DiGdGS «2.46 ccs es ccesscescnsesseesndes aversive 6-49 
RURH3050CC, 
RURH3060CC 


RURH3070CC, 30A, 700V - 1000V Ultrafast Dual Diodes ... 0.0... 0.0... ee ee ee eee 6-52 
RURH3080CC, 
RURH3090CC, 
RURH30100CC 


RURP640CC, 6A, 400V - 600V Ultrafast Dual Diodes ......... 0... ee ee ee ees 6-55 
RURP650CC, 
RURP660CC 


RURP810CC, 8A, 100V - 200V Ultrafast Dual Diodes ......... 0... ccc ee eee eee 6-59 
RURP815CC, 
RURP820CC 


RURP840CC, BA, 400V - GOOV Uliratast Dual DIGGGS 4. ccs cces svteoe wen dueeeaneeseeng vena wens 6-61 
RURP850CC, 
RURP860CC 


GENERAL 
INFORMATION 


ULTRAFAST SINGLE DIODES 


MUR810, MUR815, SA, TOOV = ZOOY WNraInst DIOGES oa acs cece ct dkenc eed s pete ence kG Es RROe Kane Re HS 5-5 
MUR820, RURP810, 
RURP815, RURP820 


MUR840, RURP840, BA, GU0Y = GOGY UlisaS! DIGGSS 2 nade cide cecesoed ees ed oe see seee tage ret gr asns 5-9 
MUR850, RURP850, 
MUR860, RURP860 


MUR870E, MUR880E, 
MUR890E, MUR8100E, 
RURP870, RURP880, 
RURP890, RURP8100 


MUR1510, RURP1510, 
MUR1515, RURP1515, 
MUR1520, RURP1520 


MUR1540, RURP1540, 
MUR1550, RURP1550, 
MUR1560, RURP1560 


RURD410, RURD415, 
RURD420, RURD410S, 
RURD415S, RURD420S 


RURD440, RURD450, 
RURD460, RURD440S, 
RURD450S, RURD460S 


RURD4120, RURD4120S 


RURD610, RURD615, 
RURD620, RURD610S, 
RURD615S, RURD620S 


RURD640, RURD650, 
RURD660, RURD640S, 
RURD650S, RURD660S 


RURD6120, RURD6120S 


RURG3010, RURG3015, 
RURG3020 


RURG3040, RURG3050, 
RURG3060 


RURG3070, RURG3080, 
RURG3090, RURG30100 


RURG30120 


RURG5040, RURGS5050, 
RURG5060 


RURG5070, RURG5080, 
RURG5090, RURG50100 


RURG50120 
RURG75120 


RURG8040, RURG8050, 
RURG8060 


RURG8070, RURG8080, 
RURG8090, RURG80100 


RURP8120 


RURP1570, RURP1580, 
RURP1590, RURP15100 


RURP15120 


RURP3010, RURP3015, 
RURP3020 


Product Index by Family 


8A, 7OOV - 1000V Ultrafast Diodes 


15A, 100V - 200V Ultrafast Diodes 


15A, 400V - 600V Ultrafast Diodes 


4A, 100V - 200V Ultrafast Diodes . 


4A, 400V - 600V Ultrafast Diodes . 


4A, 1200V Ultrafast Diodes 
6A, 100V - 200V Ultrafast Diodes . 


6A, 400V - 600V Ultrafast Diodes . 


6A, 1200V Ultrafast Diode 
30A, 100V - 200V Ultrafast Diodes 


30A, 400V - 600V Ultrafast Diodes 
30A, 700V - 1000V Ultrafast Diodes 


30A, 1200V Ultrafast Diode ...... 
50A, 400V - 600V Ultrafast Diodes 


50A, 7O00V - 1000V Ultrafast Diodes 


50A, 1200V Ultrafast Diode 
75A, 1200V Ultrafast Diode 
80A, 400V - 600V Ultrafast Diodes 


80A, 700V - 1000V Ultrafast Diodes 


8A, 1200V Ultrafast Diode 
15A, 700V - 1000V Ultrafast Diodes 


15A, 1200V Ultrafast Diode 
30A, 100V - 200V Ultrafast Diodes 


(Continued) 
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RURP3040, RURP3050, 
RURP3060 


RURP3070, RURP3080, 
RURP3090, RURP30100 


RURP30120 


RURU5040, RURU5050, 
RURU5060 


RURU5070, RURU5080, 
RURUS5090, RURU50100 


RURU50120 
RURU75120 


RURU8040, RURU8050, 
RURU8060 


RURU8070, RURU8080, 
RURU8090, RURU80100 


RURU10040, 
RURU10050, RURU10060 


RURU100120 


RURU15040, 
RURU15050, RURU15060 


RURU15070, 
RURU15080, 
RURU15090, 
RURU150100 


Product Index by Family (continuea) 


30A, 400V - 600V Ultrafast Diodes ....... 0.00. eee ee eee eee 
30A, 7O0V - 1000V Ultrafast Diodes .......... 0.0... ee ee ee 


30A, 1200V Ultrafast Diode ..... 0... ee ee eee eee enes 
50A, 400V - 600V Ultrafast Diodes ......... 0.0. ee eee eens 


50A, 7OOV - 1000V Ultrafast Diodes ........ 0.0... ee eee ee ees 


SOA, TZ00V Ulratast DIOGS ...cnccccve cede wv ene euseunasweeuwesaseveneousaunue 
75A, 1200V Ultrafast Diode... ec ee ee eee ee ene eee n anes 
SOA, 400V = GOOV Ultrafast DiodeS ... 26. ccccsccnuvwevscanecucveaduunwunemunes 


80A, 7OOV - 1000V Ultrafast Diodes ........ 0.0... cee ee eens 
100A, 400V - 600V Ultrafast Diodes ............0 2.0... 0. ee ee ee 


100A, 1200V Ultrafast Diode .... 20... ee ee ee eee ne een nas 
150A, 400V « GOOV Ultrafast Diodes .......6.sce bees view view eusdeeeuevuvesees 


150A, 700V - 1000V Ultrafast Diodes ......... 0.0... 0. ee ee ee eae 
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MCT Ordering Information 


MCT - 60 - F 


* ft » B 
HARRIS on LL OPTIONS 
D: Integral Reverse 
Diode 
PACKAGE 1: First Generation 


V: 5 Lead TO-247 


G: TO-247 : <100ns 


: <200ns 
: <500ns 
: <750ns 
: Stps 
: S<2us 


CONTINUOUS CURRENT RATING 
To = 90°C or To = 116°C 


POLARITY VOLTAGE RATING /10 
P: P Channel 60 = 600V 
N: N Channel 100 = 1000V 


IGBT Ordering Information 


HGT 


HARRIS IGBT _| | L OPTIONS 


: Logic Level Gate 
: Integral Reverse Diode 
PACKAGE : Surface Mount 
: 5 Lead TO-218 : Current Sense 
: 3 Lead TO-220 : Voltage Clamping 
: 3 Lead TO-247 
: 3Lead TO-218 


- TO-251/T0-252 D-Pak ‘ First Generation 
- 5 Lead TO-247 2: Second Generation 


3: Third Generation 


CONTINUOUS CURRENT RATING MAX. FALL TIME AT T, = +125°C 


: <200ns 
: <500ns 
: <750ns 
<ips 
: <2us 
: <5ys 


POLARITY 


Fo AE el VOLTAGE RATING /10 


50 = 500V 
60 = 600V 
100 = 1000V 


Onmoow>y 


1-20 


Rectifier Ordering Information 


RXR X XX XX = XxX 


RECOVERY SPEED tf [a OPTIONS 


U: Ultrafast CC: Common Cathode DUAL 
H: Hyperfast S: Surface Mount 


VOLTAGE RATING /10 
20 = 200V 
60 = 600V 

100 = 1000V 


PACKAGE 
P: 2 and 3 Lead TO-220 
G: 2 and 3 Lead TO-247 
H: 2 and 3 Lead TO-218 
D: 2 and 3 Lead TO-251/TO-252 


RRENT RATIN 
U: 1 Lead TO-218 CONTINUOUS CU ATING 


8= 8A 
50 = 50A 
150 = 150A 


GENERAL 
INFORMATION 


MURXXX BYW51XXX HRP2540 


DIRECT EQUIVALENT PRO ELECTRON TRANSIENT SUPPRESSION 
TO THE MOTOROLA SERIES REGISTRATION SERIES IN AUTOMOTIVE VEHICLES 
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2B Po ee en ee a ee ee ee eee ee ee eee 2-2 
MOS CONTROLLED THYRISTOR DATA SHEETS 
MCTG35P60F1 35A, 600V P-Type MOS Controlled Thyristor (MCT).......... 0... ee eee eee eee 2-3 
MCTV35P60F1D 35A, 600V P-Type MOS Controlled Thyristor (MCT) with Anti-Parallel Diode .......... 2-8 
MCTV65P100F 1, 65A, 1000V P-Type MOS Controlled Thyristor (MCT)............ 0.000 cee eee eens 2-13 
MCTA65P100F 1 
MCTV75P60E1, 75A, 600V P-Type MOS Controlled Thyristor (MCT). .............. 22 cee eee eee eee 2-18 
MCTA75P60E1 
HIP2030 GOV MOCTIMUSET Gale DIVO! 6 4 ccccs bacco ee deges csetedseceeen ar etennen snow as 2-23 
HIP2030EVAL Isolated MCT/IGBT Gate Driver Evaluation Board .................. ee eee eee eee 2-32 
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MCTs 


o-S 


MOS CONTROLLED THYRISTOR PRODUCT MATRIX 


apiny) uo!}99/9S 


Tt — Ix445; Continuous Cathode Current rated at Tg = +115°C. 
tt Measured at Ix445. 


Ga FARRIS 


SEMICONDUCTOR 


MCTG35P60F 1 


35A, 600V 
April 1995 P-Type MOS Controlled Thyristor (MCT) 


Features Package 


e 35A, -600V JEDEC STYLE TO-247 
Vrm = -1.3V(Maximum) at | = 35A and +150°C 
800A Surge Current Capability 
800A/ts di/dt Capability 
MOS Insulated Gate Control 

e 50A Gate Turn-Off Capability at +150°C 


Description 


The MCT is an MOS Controlled Thyristor designed for 
switching currents on and off by negative and positive 
pulsed control of an insulated MOS gate. It is designed for 
use in motor controls, inverters, line switches and other 
power switching applications. 


MCTs 


The MCT is especially suited for resonant (zero voltage or 
zero current switching) applications. The SCR like forward 
drop greatly reduces conduction power loss. 


MCTs allow the control of high power circuits with very small 
amounts of input energy. They feature the high peak current 
capability common to SCR type thyristors, and operate at 
junction temperatures up to +150°C with active switching. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 


MCTG35P60F 1 TO-247 M35P60F 1 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
MCTG35P60F1 

Peak Off-State Voltage (See Figure 11) -600 
Peak Reverse Voltage +5 
Continuous Cathode Current (See Figure 2) 

To = +25°C (Package Limited) 60 

To = +115°C 35 
Non-Repetitive Peak Cathode Current (Note 1) 800 
Peak Controllable Current (See Figure 10) 50 
Gate-Anode Voltage (Continuous) +20 
Gate-Anode Voltage (Peak) +25 
Rate of Change of Voltage See Figure 11 
Rate of Change of Current i 800 
Maximum Power Dissipation 178 
Linear Derating Factor 1.43 
Operating and Storage Temperature -55 to +150 


Maximum Lead Temperature for Soldering 260 
(0.063" (1.6mm) from case for 10s) 


NOTE: 
1. Maximum Pulse Width of 250us (Half Sine) Assume T, (Initial) = +90°C and T, (Final) = T, (Max) = +150°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3602.3 
Copyright © Harris Corporation 1995 9.3 


Specifications MCTG35P60F1 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX. | UNITS 
Peak Off-State Blocking Vien = -600V, To = +150°C po ff 8 | oma 
Current Vaa = +18V 


Peak Reverse Blocking Via = +5V STo=+150% |= 

Current Vaa = +18V 

On-State Voltage Vim 1% = lK4 15» 
VGA = -1 OV 


Gate-Anode Leakage Current Vea = t20V 


Input Capacitance Ciss Via = -20V, Ty = +25°C 
VGA = +18V 


Current Turn-On Delay Time L = 200uH, Ik = Ikq45 = 
Re = 1Q, VGA = +18V, -7V C- | 


Via = -300V 
Current Turn-Off Delay Time 
Current Fall Time 
Turn-off Energy 


ic 
eT 
eT 
eT 
Pe 
Pe 
Pee 
ce 
ee 


PULSE TEST 
PULSE DURATION = 250us _ 
z DUTY CYCLE < 2% < 
2 & 
5 ii 
At re 
S 5 
5 3} 
: : 
= 
E G 
oO oO 
3 ] 
¥ 
0 
0 0.5 1.0 1.5 2.0 20 30 40 50 60 70 80 90 100 110 120 130 140 150 
Vtm, CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE (°C) 
FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 
(TYPICAL) 
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MCTG35P60F1 


Typical Performance Curves (Continued) 


Ty = +150°C, Rg = 19, L = 200uH 


a 
i a Pe 
ae ne 272 


Ae 
AT 


Ix, CATHODE CURRENT (A) 


tryon)» TURN-ON DELAY (ns) 


FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200nH 


tay, RISE TIME (ns) 


Ix, CATHODE CURRENT (A) 


FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200uH 


Eon, TURN-ON SWITCHING LOSS (mJ) 


Ix, CATHODE CURRENT (A) 


FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT 


(TYPICAL) 


Ty = +150°C, Rg = 19, L = 200uH 


toyorr)), TURN-OFF DELAY (ns) 


Ix, CATHODE CURRENT (A) 


FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200nH 


MCTs 


1.5 


1.25 


te, FALL TIME (ys) 


= 
“I 
wu 


Ik, CATHODE CURRENT (A) 


FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200uH 


Eorr TURN-OFF SWITCHING LOSS (mJ) 


Ix, CATHODE CURRENT (A) 


FIGURE 8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 


MCTG35P60F 1 


Typical Performance Curves (Continued) 


To = +115°C, L = 200pH 


fuaxi = 0.05 / tororr) 

fax2 = (Pp - Pc) / Eswitcn 

Pp: ALLOWABLE DISSIPATION 
Pc: CONDUCTION DISSIPATION 
(Pg DUTY FACTOR = 50%) 

Rojc = 0.6°C/W 


fuax, MAX OPERATING FREQUENCY (kHz) 


10 20 30 50 100 
Ix, CATHODE CURRENT (A) 


4] 


FIGURE 9. OPERATING FREQUENCY vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Vga = 18V 


peg I Comin 

Sanat A 

ATT TI TSS Ty 
WTA ETH 


Vorm BREAKDOWN VOLTAGE (V) 


-475 vote 

-450 

-425 Eten 
0.1 1 10 100 1000 10000 


dv/dt (V/s) 


FIGURE 11. BLOCKING VOLTAGE vs dv/dt 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 9) is presented as a guide for estimating device per- 
formance for a specific application. Other typical frequency 
vs cathode current (Ia) plots are possible using the informa- 
tion shown for a typical unit in Figure 3 to Figure 8. The oper- 
ating frequency plot (Figure 9) of a typical device shows 
fax1 OF faaxe Whichever is lower at each point. The infor- 
mation is based on measurements of a typical device and is 
bounded by the maximum rated junction temperature. 


fax iS defined by fyyax1 = 0.05 / (tovony! + to(orr))- to(ony! 
+ to(orr)) deadtime (the denominator) has been arbitrarily 
held to 10% of the on-state time for a 50% duty factor. Other 
definitions are possible. tp(ony is defined as the 10% point of 
the leading edge of the input pulse and the point where the 
cathode current rises to 10% of its maximum value. tp(oFF) 
is defined as the 90% point of the trailing edge of the input 
pulse and the point where the cathode current falls to 90% of 


Ty = +150°C, Vga = 18V, L = 100uH 


EERE 
TTT T ENT TT 


0 
0 -100 -200 -300 -400 
‘ Vxa» PEAK TURN OFF VOLTAGE (V) 


-500 -600 


FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


200 


100 F Cg = 0.1pF, Ty = +25°C 


Vspixe, SPIKE VOLTAGE (V) 
RO 
So 


di/dt (A/us) 
FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL) 


its maximum value. Device delay can establish an additional 
frequency limiting condition for an application other than 
Tymax: tp(orry 'S important when controlling output ripple 
under a lightly loaded condition. 


fMAx2 is defined by fMaxe a (Pp < Pc) / (Eont+Eorr)- The 
allowable dissipation (Pp) is defined by Pp = (Tyjyyax - Tc) / 
Rejc: The sum of device switching and conduction losses 
must not exceed Pp. A 50% duty factor was used (Figure 
10) and the conduction losses (Pc) are approximated by PC 
= (Vax * lax) / (duty factor/100). Eon is defined as the sum of 
the instantaneous power loss starting at the leading edge of 
the input pulse and ending at the point where the anode- 
cathode voltage equals saturation voltage (Vax = Vr). Eorr 
is defined as the sum of the instantaneous power loss start- 
ing at the trailing edge of the input pulse and ending at the 
point where the cathode current equals zero (Ix = 0). 
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MCTG35P60F 1 


Test Circuits 


200,.H RURG3060 


DUT 


FIGURE 13. SWITCHING TEST CIRCUIT 


MAXIMUM RISE AND FALL TIME OF Vg IS 200ns 


Vika 


te to(on)! 
FIGURE 15. SWITCHING TEST WAVEFORMS 


FIGURE 14. Vspixe TEST CIRCUIT 


di/dt 


VsPIKE 


"eaune 16. Vspixe TEST WAVEFORMS 


Handling Precautions for MCTs 


MOS Controlled Thyristors are susceptible to gate-insulation 
damage by the electrostatic discharge of energy through the 
devices. When handling these devices, care should be exer- 
cised to assure that the static charge built in the handler's 
body capacitance is not discharged through the device. 
MCT's can be handled safely if the following basic precau- 
tions are taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as ““ECCOSORB LD26” or equivalent. 


2.When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from cir- 
cuits with power on. 


5.Gate Voltage Rating - Never exceed the gate-voltage 
rating of Vos. Exceeding the rated Vg, can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essen- 
tially capacitors. Circuits that leave the gate open-circuited 
or floating should be avoided. These conditions can result 
in turn-on of the device due to voltage buildup on the input 
capacitor due to leakage currents or pickup. 


7.Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate protec- 
tion is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 


MCTs 


ghrarRis MCTV35P60F1D 


| 
35A, 600V P-Type MOS Controlled 


March 1995 Thyristor (MCT) with Anti-Parallel Diode 
Features Package 
° 35A, -600V JEDEC STYLE TO-247 


¢ Vry = -1.35V (Max) at | = 35A and +150°C 
¢ 800A Surge Current Capability 

¢ 800A/us di/dt Capability 

¢ MOS Insulated Gate Control 

e 50A Gate Turn-Off Capability at +150°C 
¢ Anti-Parallel Diode 


Description 


The MCT is an MOS Controlled Thyristor designed for switch- 
ing currents on and off by negative and positive pulsed control 
of an insulated MOS gate. It is designed for use in motor con- 
trols, inverters, line switches and other power switching appli- 
cations. The MCT is especially suited for resonant (zero Symbol 
voltage or zero current switching) applications. The SCR like 

forward drop greatly reduces conduction power loss. 


MCTs allow the control of high power circuits with very small G ‘ 
amounts of input energy. They feature the high peak current 

capability common to SCR type thyristors, and operate at 

junction temperatures up to +150°C with active switching. 

This device features a discrete anti-parallel diode that 

shunts current around the MCT in the reverse direction with- 

out introducing carriers into the depletion region. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
MCTV35P60F1D TO-247 M35P60F 1D 


NOTE: When ordering, use the entire part number. 


Formerly developmental type TA9789 (MCT) and TA49054 
(diode). 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified | 
MCTV35P60F1D UNITS | 


Peak Ol-sialte Vonage (S08 FIQUIE T1)..xcccvcecseveweni ae tcwa nts anes exaeaadeeern Vorm -600 V 
Continuous Cathode Current (See Figure 2) 

Te = 425°C (Package LiINnited):. ...00ssaccancccceuau wai aacuessaeneuaavesesaseaas lko5 60 A 

ee Be cw 420 ie eb eu eneed oars sh oete de ew dete arve daaacs deer cructeness lk415 35 A 
Non-repetitive Peak Cathode Current (Note 1)... 2.2.2.2... 0... eee eee eee Iksm 800 A 
Peak Controllable Current (See Figure 10).......... cece eee eee eee lke 50 A 
Gate-Anode Voltage (Continuous)... 1.2.2... 0... ce eee teen eee Voat +20 V 
DSS WONG Msc 5 otis oe Pde o es Che Hesse oreo EEE Ee EKe Leb HER ECR CEewe Voam +25 V 
Male OF SNande Of VOUNRGIG. i. ccicvacdns eke chia eben eRe FASE CASE REDE OOO eS KOS dv/dt See Figure 11 
Free: Or Giri OF GE kis eee ents t ee kooks tee R es eee ede ea vee ate ree ected di/dt 800 A/us 
MAXIMUM POWSF DISSIOAION . ca cacaccicicc eave Pea ee ee WREST DEAE OHA ER See Rw Eee Py 178 W 
Liar VEINS FACT axes ecco vide sncusck Gags wnaee a nsanaends Se bach aadandecaxdawkws 1.43 Ww/°C 
DOperaing Gd SIOTSGS WIND OAIU Ss 6 ves secces wet neboebres baede bacdenees cere nede Ty, Tst¢ -55 to +150 “— 
Maximum Lead Temperature tor SOIdGIING 2. cca ccccaca cise ioaas esas avatetin adnan ewe Th 260 °C 


(0.063" (1.6mm) from case for 10s) 
NOTE: 1. Maximum Pulse Width of 250us (Half Sine) Assume T, (Initial) = +90°C and Ty (Final) = Ty (Max) = +150°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3694 2 
Copyright © Harris Corporation 1995 2-8 | 


Specifications MCTV35P60F1D 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | MIN, | TYP | MAX — UNITS 
Blocking Current 


Moa as Meas | Tos 4$25°C 


On-State Voltage 


100 


3 


=) 
7 


Input Capacitance Ciss Va = -20V, Ty = +25°C 
VGa= +18V 

Current Turn-On D(ON)! L = 200uH, Ik = Ik445 

Delay Time Reg = 12, Vea = +18V, -7V 
Ty= = +125°C 


Via = -300V 


—— 
eerie fe 
eons [vw 
ed a 


=| 
n 


=) 
n 


( 


°C/W 


io 
° 
QO 
= 


=k 
> 


: = 
2 = 
” 


=}. 


100 


Ty = +150°C 
PULSE TEST 
50 [. PULSE DURATION = 250s 

= DUTY CYCLE < 2% 
~ 30 
i 20 
a 
oc 
=) 
© 410 
WW 
Q 
fe} 
= 5 
C9 
Oo 3, | | fl] Fi 
a oe 

1 

"Vamp CATHODE VOLTAGE (V)_ Tc, CASE TEMPERATURE (°C) 
FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 
(TYPICAL) 
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MCTs 


MCTV35P60F1D 


Typical Performance Curves (Continued) 


Ty = +150°C, Rg = 10, L = 200uH 


to(ony) TURN-ON DELAY (ns) 


Ix, CATHODE CURRENT (A) 


FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200mH 


tp, RISE TIME (ns) 


Ik, CATHODE CURRENT (A) 


FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200uH 


Eon, TURN-ON SWITCHING LOSS (mJ) 


“0 10 20 30 40 50 60 
Ix, CATHODE CURRENT (A) 


FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 
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Ty = +150°C, Rg = 10, L = 200uH 


tpyorr), TURN-OFF DELAY (ns) 


Ix, CATHODE CURRENT (A) 


FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT 
(TYPICAL) 


i Ty = +150°C, Rg = 19, L = 200uH 


© 
~“N 
uo 


Ix, CATHODE CURRENT (A) 


FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 19, L = 200uH 


Eorp TURN-OFF SWITCHING LOSS (mJ) 


Ik, CATHODE CURRENT (A) 


FIGURE 8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 


MCTV35P60F1D 


Typical Performance Curves (continued) 


To = +90°C, L = 200uH 


fax = 0.05/ pom + to(orr)i) 


fuax2 = (Pp - P SWITCH 

Pp: ALLOWABLE DISSIPATION Seenns 
Po: CONDUCTION DISSIPATION aN 

(Pc DUTY FACTOR = 50%) 

Rec = = 0. 7°C/W 


fuax, MAX OPERATING FREQUENCY (kHz) 


5 10 20 30 50 100 
Ix, CATHODE CURRENT (A) 


FIGURE 9. OPERATING FREQUENCY vs CATHODE CURRENT 
(TYPICAL) 


Ty= = +150°C, Voa= = 18V 


= tl 
= est PEt 
— Spang pect 
Geos HM TM ET ETT 
S an Si a 
= TTT TTT SST EEE 
eed | 
Q  -550 
S  -525 
o  -500 
= sl a 
5 450 | 

ars 1 10 100 1000 10000 

dv/dt (V/s) 


FIGURE 11. BLOCKING VOLTAGE vs dv/dt 


PUL 
PULSE DURATION = 250us 
50 F DUTY CYCLE < 2% 


Ika, CATHODE-ANODE CURRENT (A) 
nN 
o 
on 
m 
+ 
mi 
on 
=| 
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Vax, ANODE-CATHODE VOLTAGE () 


FIGURE 13. DIODE CATHODE-ANODE CURRENT vs VOLTAGE 
(TYPICAL) 


- Ty= +150°C, Vea = 18V, L = 100,1H 


TURN-OFF 
SAFE OPERATING AREA 


EHEC 
-100 -2 -600 
Via» PEAK TURN OFF VOLTAGE (V) 


PEAK CATHODE CURRENT (A) 


FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


200 


100 Cs = o.Apr, i a 
ees! 


Cy = 2uF, Ty = +150°C — 
5 Cy = 1F, Ty = 425°C — 
Cy = 2uF, Ty = +25°C 


Vspike» SPIKE VOLTAGE (V) 


0 5 10 15 20 #2 30 #35 °# 40 
di/dt (A/us) 


FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL) 


tar, REVERSE RECOVERY TIMES (ns) 


CLINE UIT 


is ° i 
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ane) aT 
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ET) | 
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Bee] es) 
ee eee 
Es) | 
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-__ i 
Baas | 
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Ika, CATHODE-ANODE CURRENT (A) 


FIGURE 14. DIODE REVERSE RECOVERY TIMES vs CURRENT 
(TYPICAL) 
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MCTs 


MCTV35P60F1D 


Test Circuits 


DUT 


FIGURE 15. SWITCHING TEST CIRCUIT 


MAXIMUM RISE AND FALL TIME OF Vg IS 200ns 


Vika 


try toon)! 
FIGURE 17. SWITCHING TEST WAVEFORMS 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 9) is presented as a guide for estimating device per- 
formance for a specific application. Other typical frequency 
vs cathode current (I,,) plots are possible using the informa- 
tion shown for a typical unit in Figures 3 to 8. The operating 
frequency plot (Figure 9) of a typical device shows fryax; or 
fax2 Whichever is lower at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fvaxi IS defined by fax = 0.05 / (to(onyi + to(orF)!): toon)! + 
tp(oFF)| deadtime (the denominator) has been arbitrarily held 
to 10% of the on-state time for a 50% duty factor. Other defi- 
nitions are possible. tp(on), is defined as the 10% point of the 
leading edge of the input pulse and the point where the cath- 
ode current rises to 10% of its maximum value. tporFr) is 
defined as the 90% point of the trailing edge of the input 
pulse and the point where the cathode current falls to 90% of 


Vg ° 


50022 


4.7kQ 


FIGURE 16. Vspixe TEST CIRCUIT 


di/dt 


— Vspike 


Vak 
FIGURE 18. Vspjxe TEST WAVEFORMS 


its maximum value. Device delay can establish an additional 
frequency limiting condition for an application other than 
Tymax: tp(orry IS important when controlling output ripple — 
under a lightly loaded condition. 


fMAx2 is defined by fmMaxe me (Pp = Pc) / (EontEorr).- The 
allowable dissipation (Pp) is defined by Pp = (Tymax - Tc) / 
Rejc- The sum of device switching and conduction losses 
must not exceed Pp. A 50% duty factor was used (Figure 9) 
and the conduction losses (Pc) are approximated by Pc = 
(Vax * lax) / (duty factor/100). Eon is defined as the sum of | 
the instantaneous power loss starting at the leading edge of — 
the input pulse and ending at the point where the anode- 
cathode voltage equals saturation voltage (Vax = Vr). Eorr 
is defined as the sum of the instantaneous power loss start- 
ing at the trailing edge of the input pulse and ending at the 
point where the cathode current equals zero (I, = 0). 
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: siaeeeien MCTV65P100F1, 
pUNLeannaaYes MCTA65P100F1 


65A, 1000V 
April 1995 P-Type MOS Controlled Thyristor (MCT) 


aD 


Features Package 
e 65A, -1000V 

© Vy <-1.4V at | = 65A and +150°C 

¢ 2000A Surge Current Capability 
2000A/us di/dt Capability 

e MOS Insulated Gate Control 

e 100A Gate Turn-Off Capability at +150°C 


JEDEC STYLE TO-247 


ANODE ANODE 
CATHODE 
GATE RETURN 


Description JEDEC MO-093AA (5-LEAD TO-218) 


The MCT is an MOS Controlled Thyristor designed for switching ANODE ANODE 
currents on and off by negative and positive voltage control of an 
insulated MOS gate. It is designed for use in motor controls, 


inverters, line switches and other power switching applications. F 
The MCT is especially suited for resonant (zero voltage or zero = 
current switching) applications. The SCR like forward drop 

reatly reduces conduction power loss. 
greatly P pa (FLANGE) 


MCTs allow the control of high power circuits with very small 

amounts of input energy. They feature the high peak current 

capability common to SCR type thyristors, and operate at junc- Sy mbol 
tion temperatures up to +150°C with active switching. 


PACKAGING AVAILABILITY e 
[PARTNUMBER [PACKAGE [BRAND 
NOTE: When ordering, use the entire part number. 
Formerly TA9900. 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
MCTV65P100F 1 
MCTA65P100F1 UNITS 

Peak Off-State Voltage (See Figure 11)..... 2... . eee eee ee eee VorM -1000 V 
Be eee ee ee ee eer Sere re eee Varo +5 V 
Continuous Cathode Current (See Figure 2) 

Teeses © Pacmae Dilled) «occ ccsccceduccsreecsekiecncanaseasedesarekaw Ikos 85 A 

eH ib oc oad aieae de het ea tetas concesenee wet sessdtaneghe dieses euer Ikg0 65 A 
Non-Repetitive Peak Cathode Current (Note 1)... . 0.0... eee ee eee eens ltsm 2000 A 
Poak Controllable Current (See Figure 10) ..... -s4escwetpenercer caved eves open Itc 100 A 
iSaie-Anode Volags (CONNMUOUS) 2656 askc cede ces cere e ee eeen ed eee asda eee sees Voa +20 V 
Gate-Anode Voltage (Pak) . ou. c isc cca wn cac ene sere kevae eee eeeeenssemeseees Voa +25 V 
ae Gi CHANGE OF VONEGS.. «ccs ccrne ccs ew ken seen ete eee ea eee ene e eda e eas dv/dt See Figure 11 
Rate Of Change Of CUNGH . << cccccscnren ves onan chive renee iw eens eee eNe EMER di/dt 2000 A/us 
Maxim POWSF DISSIPANON .i..cccu cece cade chee eaae bce ec eK ORR RE RRM OREO SE P; 208 W 
immer Daal ttt FeO eyes nncctidag s4ueheeorseptcaiacecidd arse whase denen 1.67 Ww?C 
Operating and Storage Temperature... 1... 0... . cece eee eee eee eens Ty, Tst¢ -55 to +150 °C 
Maximum Lead Temperature for Soldering .......... 0... 0. eee eee eee eee eee TL 260 °C 

(0.063" (1.6mm) from case for 10s) 
NOTE: 


1. Maximum Pulse Width of 200us (Half Sine) Assume T, (Initial) = +90°C and T, (Final) = T, (Max) = +150°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3 51 6 3 
Copyright © Harris Corporation 1995 9-13 


Specifications MCTV65P100F1, MCTA65P100F1 


Electrical Specifications 1, = +25°C Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS | min | Typ | MAX | UNITS | 
Blocking Current Voa = +18V 


Peak Reverse Vika = +5V, To = +150°C 
Blocking Current Vana = +18V 


To = +25°C 


On-State Voltage VIM Ik = Ik90: To = +150°C L~ 4 
Vea = -10V 

Gate-Anode Vaa = t20V 

Leakage Current 

Input Capacitance Ciss Vika = -20V, Ty = +25°C 
VGA = +18V 


Ty = +1 25°C 
VKA = -400V 


Current Turn-On to(on)| L= 200uH, Ik = Ik90 = 65A 
Delay Time 


Re = 1Q, VGA = +18V, -7V 
Current Rise Time 


Rl 
Current Turn-Off toio FF) 
Delay Time 
te 


mJ 


ee 
eT 
a 
eT 
ye 
ne 
ey 
aie 
ef 
pes [os Te 


PULSE TEST TA 100 
PULSE DURATION = 250us V4 
DUTY CYCLE < 2% f | 


SAR ERERE 
RERERE 
SERRE 

pT TTT tt Tt 


PTY TT TT 
Y | 


Ix, OC CATHODE CURRENT (A) 
nn 
=) 


a 
| TA UY | TL dt ; 


0.0 02 04 06 08 1.0 1.2 1.4 16 18 20 2.2 2.4 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 
Vrm, CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE (°C) 
FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 
(TYPICAL) 
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MCTV65P100F1, MCTA65P100F1 


Typical Performance Curves (continued) 


Ty = +150°C, Rg = 10, L = 200nH 


Via = -400V Bi 


200 


150 


tpyony» TURN-ON DELAY (ns) 
° 
° 


0 10 20 30 40 50 60 70 80 90 100 
Ik, CATHODE CURRENT (A) 


FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200uH 


ta), RISE TIME (ns) 


0 10 20 30 40 50 60 70 80 90 100 
Ix, CATHODE CURRENT (A) 


FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 10, L = 200nH 


Eon, TURN-ON SWITCHING LOSS (mJ) 


0 10 20 30 40 50 60 70 80 90 100 
Ik, CATHODE CURRENT (A) 


FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Rg = 19, L = 200pnH 


Ix, CATHODE CURRENT 2 


FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT 
(TYPICAL) 


MCTs 


Ty = +150°C, Rg = 19, L = 200uH 


a 
| peer tr 


= Via = -500V 


te, FALL TIME (1s) 


0 10 20 30 40 50 60 70 80 90 100 
Ix, CATHODE CURRENT (A) 


FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT 
(TYPICAL) 


Ty= +150°C, Rg = 19, L= 200u.H 


Eorr, TURN-OFF SWITCHING LOSS (mJ) 


Ix, CATHODE CURRENT (A) 


FIGURE 8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 
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MCTV65P100F1, MCTA65P100F1 


Typical Performance Curves (continued) 


fuax1 = 9.05 / torony + tororry 
fax2 = (Pp - Pc) / Eswitcn 


Pp: ALLOWABLE DISSIPATION 
Pc: CONDUCTION DISSIPATION 
(P¢ DUTY FACTOR = 50%) 


fuax, MAX OPERATING FREQUENCY (kHz) 


10 100 
Ik, CATHODE CURRENT (A) 


FIGURE 9. OPERATING FREQUENCY vs CATHODE CURRENT 


(TYPICAL) 

Ty = +150°C 
mae ST 
Ww - 
¢ a ah ETH ttt 
ee a 00 
Stor ns SU 
= 950 UE TUT 
8 cost UU EU TUN TUT ET 
= cog LI INC CT 
eset se atti et a 
= -850 
Sf gogt UTM UTI ETE ETT 

soo LIL LLU tT} EC 
0.1 1.0 10 100 1,000 10,000 
dv/dt (V/uS) 


FIGURE 11. BLOCKING VOLTAGE vs dv/dt 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
9) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs cathode 
current (Ix) plots are possible using the information shown 
for a typical unit in Figures 3 to 8. The operating frequency 
plot (Figure 9) of a typical device shows fryax1 OF fuaxe 
whichever is smaller at each point. The information is based 
on measurements of a typical device and is bounded by the 
maximum rated junction temperature. 


fax: is defined by fyax1 = 0.05 / (to(ony! + to(orryi)- tovony! + 
tp(oFF)1 Geadtime (the denominator) has been arbitrarily held to 
10% of the on-state time for a 50% duty factor. Other definitions 
are possible. tp(on)| iS defined as the 10% point of the leading 
edge of the input pulse and the point where the cathode current 
rises to 10% of its maximum value. tp(oFF)) is defined as the 90% 
point of the trailing edge of the input pulse and the point where 
the cathode current falls to 90% of its maximum value. 


Ty = +150°C, Vga = 18V 


(A) 


Ix, PEAK CATHODE CURRENT 


0 
0 -100 


-200 -300 -400 -500 -600 -700 -800 
Va» PEAK TURN OFF VOLTAGE (V) 


-900 -1000 


FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


-100 


Cy = 0.1yF, Ty = +150°C 
Cy = 0.1,1F, Ty = +25°C 
Cg = 1pF, Ty = +150°C 


“0 

af Peo Cs = fu, Ty = +25°C 
CO 1). rs ee eee eee N 

C se oo el ee Cy = 2uF, Ty = +25°C 


0 5 10 15 20 25 30 35 40 45 + 50 
di/dt (A/us) 


FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL) 


SPIKE VOLTAGE (V) 


Device delay can establish an additional frequency limiting 
condition for an application other than Tymax- tp(orry IS 
important when controlling output ripple under a lightly loaded 
condition. faxe is defined by fax = (Pp - Pc) iH (Eont+Eorr)- 
The allowable dissipation (Pp) is defined by Pp = (Tymax - Te) / 
Rejc. The sum of device switching and conduction losses must 
not exceed Pp. A 50% duty factor was used and the conduction 
losses (Pc) are approximated by Pc = (Via ® Ix) / 2. Eon is 
defined as the sum of the instantaneous power loss starting at 
the leading edge of the input pulse and ending at the point where 
the anode-cathode voltage equals saturation voltage (Vk, = 
Vim). Eorr is defined as the sum of the instantaneous power 
loss starting at the trailing edge of the input pulse and ending at 
the point where the cathode current equals zero (Ix = 0). 
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MCTV65P100F1, MCTA65P100F1 


Test Circuits 


DIODES RHRG75120 == 


FIGURE 13. SWITCHING TEST CIRCUIT 


Ve 90% 


a | 
-Vka 
90% 


aia 


to(OFF)I ' tri 
FI 
toon)! 


FIGURE 15. SWITCHING TEST WAVEFORMS 


FIGURE 14. Vspixe TEST CIRCUIT 


FIGURE 16. Vspixe TEST WAVEFORMS 


Handling Precautions for MCT's 


Mos Controlled Thyristors are susceptible to gate-insula- 
tion damage by the electrostatic discharge of energy through 
the devices. When handling these devices, care should be 
exercised to assure that the static charge built in the 
handler's body capacitance is not discharged through the 
device. MCT's can be handled safely if the following basic 
precautions are taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as ““ECCOSORB LD26” or equivalent. 


2.When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from cir- 
cuits with power on. 


5.Gate Voltage Rating - Never exceed the gate-voltage 
rating of Vos. Exceeding the rated Vg, can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essen- 
tially capacitors. Circuits that leave the gate open-circuited 
or floating should be avoided. These conditions can result 
in turn-on of the device due to voltage buildup on the input 
capacitor due to leakage currents or pickup. 


7.Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate protec- 
tion is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 
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reuicenout on MCTA75P60E1 


75A, 600V 
April 1995 P-Type MOS Controlled Thyristor (MCT) 


Features Package 
75A, -600V 
Vim = -1.3V(Maximum) at | = 75A and +150°C 
2000A Surge Current Capability 
2000A/us di/dt Capability 
MOS Insulated Gate Control 
120A Gate Turn-Off Capability at +150°C 


JEDEC STYLE TO-247 5-LEAD 


Description 


The MCT is an MOS Controlled Thyristor designed for switching 
currents on and off by negative and positive pulsed control of an 
insulated MOS gate. It is designed for use in motor controls, 
inverters, line switches and other power switching applications. 


The MCT is especially suited for resonant (zero voltage or 
zero current switching) applications. The SCR like forward 
drop greatly reduces conduction power loss. 


MCTs allow the control of high power circuits with very small 
amounts of input energy. They feature the high peak current 
capability common to SCR type thyristors, and operate at 
junction temperatures up to +150°C with active switching. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
MCTV75P60E1 TO-247 MV75P60E1 
MCTA75P60E1 MO-093AA MA75P60E 1 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


MCTV75P60E1 
MCTA75P60E1 


Peak Off-State Voltage (See Figure 11) -600 
Peak Reverse Voltage +5 


Continuous Cathode Current (See Figure 2) 
To = +25°C (Package Limited) 


Non-Repetitive Peak Cathode Current (Note 1) 

Peak Controllable Current (See Figure 10) 

Gate-Anode Voltage (Continuous) 

Gate-Anode Voltage (Peak) 

Rate of Change of Voltage See Figure 11 
Rate of Change of Current i 2000 
Maximum Power Dissipation 208 
Linear Derating Factor 1.67 
Operating and Storage Temperature : -55 to +150 


Maximum Lead Temperature for Soldering 260 
(0.063" (1.6mm) from case for 10s) 


NOTE: 
1. Maximum Pulse Width of 250us (Half Sine) Assume T, (Initial) = +90°C and T, (Final) = T, (Max) = +150°C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3374 4 
Copyright © Harris Corporation 1995 9-18 


Specifications MCTV75P60E1, MCTA75P60E1 


Electrical Specifications 1, = +25°C Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS pomin | Typ | Max | UNITS 
Blocking Current 
Voa = +18V To = +25°C Lo | 100 yA 
To = +150°C | #3 1.3 V 


Peak Reverse 
Blocking Current 


On-State Voltage 


Via = -20V, Ty = +25°C 
Vex = +18 


L= 200uH, Ik = Ik90 
Re = TE, VGA = +18V, -7V 
Ty ad +125°C 

Vika = -300V 


PULSE TEST 

PULSE DURATION - 250us _ 
a DUTY CYCLE < 2% <= 
< es eS feo 
= re z 
Pd aaa) Re wi 
TT] ee cc 
ce = aa = 
Ss |) a) 
: 
3 ww ) 
a = 
: S 
oO re) 
x Q 
7 .. 

0 
00 02 04 O6 08 10 #12 #14 #16 #18 2.0 25 35 45 55 65 75 85 95 105 115 125 135 145 155 
Vim, CATHODE VOLTAGE (V) Tc, CASE TEMPERATURE ("C) 
FIGURE 1. CATHODE CURRENT vs SATURATION VOLTAGE FIGURE 2. MAXIMUM CONTINUOUS CATHODE CURRENT 
(TYPICAL) 
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MCTV75P60E1, MCTA75P60E1 


Typical Performance Curves (Continued) 


Ty = +150°C, Rg = 19, L = 200uH 


Tryon)! » TURN-ON DELAY (ns) 
Tporry » TURN-OFF DELAY (us) 


0 
10 20 30 40 50 60 70 80 90 100 110 120 | 


Ix, CATHODE CURRENT (A) Ik, CATHODE CURRENT (A) 
FIGURE 3. TURN-ON DELAY vs CATHODE CURRENT FIGURE 4. TURN-OFF DELAY vs CATHODE CURRENT 
(TYPICAL) (TYPICAL) 


Ty = +150°C, Rg = 19, L = 200uH 


— eee Es es ee: 
ae 
Via = -300V 


ta), RISE TIME (ns) 
tr), FALL TIME (us) 


0 0.0 
10 20 30 40 50 60 70 80 90 100 110 120 10 20 30 40 50 60 70 80 90 100 110 120 
Ix , CATHODE CURRENT (A) I , CATHODE CURRENT (A) 
FIGURE 5. TURN-ON RISE TIME vs CATHODE CURRENT FIGURE 6. TURN-OFF FALL TIME vs CATHODE CURRENT 
(TYPICAL) (TYPICAL) 
Ty = +150°C, Rg = 19, L = 200nH 
5.0 se = » 20.0 


a a Somer 
mE —-. 
| 


=A 
ad 


PLT TV, 


Eon, TURN-ON SWITCHING LOSS (mJ) 
Eors TURN-OFF SWITCHING LOSS (mJ) 


0.1 
10 20 30 40 50 60 70 80 90 100 110 120 0 20 30 40 50 60 70 80 90 100 110 120 


Ix, CATHODE CURRENT (A) Ik , CATHODE CURRENT (A) 
FIGURE 7. TURN-ON ENERGY LOSS vs CATHODE CURRENT —_ FIGURE8. TURN-OFF ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) (TYPICAL) 


MCTV75P60E1, MCTA75P60E1 


Typical Performance Curves (continued) 


ase = & Eon = tryon) 1 = 9 
freee Eon ~ 9, tp(on) 1 # 9 


fraaxd = 0.05(tp(on) 1+ to(oFF) ) 
fmax2 = (Pp - Pc) / Eswitcu 

Pp: ALLOWABLE DISSIPATION 
Pc: CONDUCTION DISSIPATION 
(P, DUTY FACTOR = 50%) 

Ro JC = 0.5°C/W 


fuax , MAX OPERATING FREQUENCY (kHz) 


100 
Ix , CATHODE CURRENT (A) 


FIGURE 9. OPERATING FREQUENCY vs CATHODE CURRENT 
(TYPICAL) 


Ty = +150°C, Vga = 18V 


Vorm,» BREAKDOWN VOLTAGE (V) 


0.1 1.0 10.0 100.0 1000.0  10000.0 
dv/dt (V/us) 


FIGURE 11. BLOCKING VOLTAGE vs dv/dt 


Operating Frequency Information 


Operating frequency information for a _ typical device 
(Figure 9) is presented as a guide for estimating device per- 
formance for a specific application. Other typical frequency 
vs cathode current (la,) plots are possible using the informa- 
tion shown for a typical unit in Figures 3 to 8. The operating 
frequency plot (Figure 9) of a typical device shows fax or 
fax Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fax is defined by fyax1 = 9.05 / (to(ony! + to(or Fi): tocony! + 
tp(orF)| deadtime (the denominator) has been arbitrarily held to 
10% of the on-state time for a 50% duty factor. Other definitions 
are possible. tp(on) is defined as the 10% point of the leading 
edge of the input pulse and the point where the cathode current 
rises to 10% of its maximum value. tp(oFF)| is defined as the 90% 
point of the trailing edge of the input pulse and the point where 
the cathode current falls to 90% of its maximum value. Device 
delay can establish an additional frequency limiting condition for 


Ty = +150°C, Vga = 18V, L = 200uH 
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SAFE OPERATING AREA 


ue a i, a 

4 (aa oe ae ee ee ee ee 

i ke a A a a! a a A A i. | 

se ae el ae ae TS 

0 = -50 -150 -250 -350 -450 -550 
Vxa » PEAK TURN OFF VOLTAGE (V) 


Ik , PEAK CATHODE CURRENT (A) 
© 
o 


FIGURE 10. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


200 [5 =OAyF, Ty = +150°C 


SPIKE VOLTAGE (V) 


“Cg = 1pF, Ty = 425°C 
Cy = QuF, Ty = +25°C 


1 6 1 #216 24 #2 31 «36 «41 «46 
di/dt (A/us) 


FIGURE 12. SPIKE VOLTAGE vs di/dt (TYPICAL) 


an application other than Tyyax- tpiorry iS important when 
controlling output ripple under a lightly loaded condition. 


fMaxe is defined by fMaxe = (Pp - Pc) / (Eon + Eorr).- The 
allowable dissipation (Pp) is defined by Pp = (Tymax - Tc) / 
Rejc. The sum of device switching and conduction losses 
must not exceed Pp. A 50% duty factor was used (Figure 10) 
and the conduction losses (Pc) are approximated by Pc = 
(Vax * lax) / (duty factor/100). Eon is defined as the sum of 
the instantaneous power loss starting at the leading edge of 
the input pulse and ending at the point where the anode- 
cathode voltage equals saturation voltage (Vax = Vry). Eorr 
is defined as the sum of the instantaneous power loss start- 
ing at the trailing edge of the input pulse and ending at the 
point where the cathode current equals zero (|x = 0). 


The switching power loss (Figure 10) is defined as fryaxo * (Eon 
+ Eorr). Because Turn-on switching losses can be greatly influ- 
enced by external circuit conditions and components, fryax 
curves are plotted both including and neglecting turn-on losses. 
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Test Circuits 


RURG8060 


DUT 


FIGURE 13. SWITCHING TEST CIRCUIT 


MAXIMUM RISE AND FALL TIME OF Vg IS 200ns 


Vika 


FIGURE 15. SWITCHING TEST WAVEFORMS 


50022 


10kQ 


FIGURE 14. Vspixe TEST CIRCUIT 


di/dt 


— Vspike 


Vak 


FIGURE 16. Vspixe TEST WAVEFORMS 


Handling Precautions for MCT's 


MOS Controlled Thyristors are susceptible to gate-insula- 
tion damage by the electrostatic discharge of energy through 
the devices. When handling these devices, care should be 
exercised to assure that the static charge built in the han- 
dler's body capacitance is not discharged through the 
device. MCT's can be handled safely if the following basic 
precautions are taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “ECCOSORB LD26” or equivalent. 


2.When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from cir- 
Cuits with power on. 


5.Gate Voltage Rating - Never exceed the gate-voltage 
rating of Ves. Exceeding the rated Vg, can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essen- 
tially capacitors. Circuits that leave the gate open-circuited 
or floating should be avoided. These conditions can result 
in turn-on of the device due to voltage buildup on the input 
capacitor due to leakage currents or pickup. 


7.Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate protec- 
tion is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 


2-22 


FARRIS 


SEMICONDUCTOR 


HIP2030 


30V MCT/IGBT Gate Driver 


uD 


March 1995 


Features 

e + Polarity Gate Drive 

¢ High Output Voltage Swing..............050000- 30V 
* Peak Output CUTENt 2.0 cccccrsscavewaraveeean 6.0A 
© Past RIGGS TUNG coc vicnwx seve vena 200ns at 60,000pF 


Ability to Interface and Drive P-MCTs 
e¢ Programmable Minimum ON/OFF Time 
¢ Gate Output Inhibit Latch 


© GV ROTAIENCES «snc cnnnvudicnawnnes Sinks Up to 30mA 
e High Side Charge Pump 

© TZOKHZ Operation. cc vekcccwadcsennenes at 15,000pF 
Applications 


¢ Motor Controllers 
Uninterruptible Power Supplies 
Resonant Inverters 

¢ Static Circuit Breakers 

e Inverters 

e Converters 

e Arc Welders 


Ordering Information 


TEMPERATURE 
PART NUMBER RANGE PACKAGE 


HIP2030IM -40°C to +110°C 28 Lead PLCC 


Pinout 


HIP2030 (PLCC) 


A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1995 


Description 


The HIP2030 is a medium voltage integrated circuit (MVIC) 
capable of driving large capacitive loads at high voltage slew 
rates (dv/dts). This device is optimized for driving 60nF of 
MOS gate capacitance at 30V peak to peak in less than 
200ns. The half bridge gate driver is ideal for driving MOS 
Controlled Thyristor (MCT) and IGBT modules. 


The architecture of the HIP2030 includes four comparator 
input channels, a 5V regulator, a 12V clamp, and a high side 
charge pump. The device provides the user with the ability to 
control minimum low time (MLT) and minimum high time 
(MHT) at the gate channel output (GO) by varying two exter- 
nal capacitances. In addition, the device contains two 
uncommitted comparator channels (channels A and B) that 
can be used as monitors (temperature sensing), indicators 
(LEDs or opto-couplers), input signal conditioning (both con- 
tain Schmitt triggers), or oscillators. 


The power requirements of the HIP2030 are low. The driver 
can be easily configured to operate in one of three power 
configurations. This allows the use of a small PCB mount- 
able transformer or battery to provide isolated power to the 
driver chip. 


The HIP2030 supplies high output current drive to large 
Capacitive loads and requires few external components to 
implement a wide variety of MOS gate driver circuits. 


Functional Block Diagram 


> 


MLT 13 14 MHT 16 P- 
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Specifications HIP2030 


Absolute Maximum Ratings Thermal Information 

Gate Channel Supply Voltage, P+ to P-............... -0.5V to32V Thermal Resistance 85a 

Logic Supply Voliage, PO to P+... cccscscccceccarnavesn 7V to 18V PIR PaCS sc oc nsever owsec canes es eetnrs 60°C/W 

All Other Pin Voltages Storage Temperature Range .............. -65°C to +150°C 
(A+, A-, B1i+, B1-, B2+, B2-, L+, L-, R+, R-)..... (P-)-0.5 to (P+)+0.5 Junction Temperature............... cee eee eee ee +150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Recommended Operating Conditions T, = -40°C to +150°C Unless Otherwise Noted, All Voltages Referenced to P- 


Gate Channel Supply Voltage, P+ to P-............... -0.5V to30V Max Output Source Current, Channels A,B........... 10mA 
Logie Supply Voltage, PO to Pe. csi csscvcccnccneusaws 10V to15V Max Output Sink Current, Channels A,L.............. 10mA 
All Other Pin Voltages Min Load Current, Reg 10 P+ ois cc sccecicewcn ew neeeawe 2mA 

(A+, A-, B1+, B1-, B2+, B2-, L+, L-, R+, R-)..... (P-)+2V to (P0)+2V (Required for Proper Chip Operation) 
Max Load Current, Rag tO Pe. i cscscawccvenscewauees 30mA 


Static Electrical Specifications Po to P- = 15V, P+ to P- = 30V, P- = OV, Reg to P- = 2mA. Full Temp Ty = -40°C to +150°C 


svMBot [PARAMETER | TEST CONDITIONS | TEMP [WIN | TYP | MAK | UNITS 
ro PocuiescontSuppicuret————YSSCSCSC~ir Sr | PP 


Ip, P+ Quiescent Supply Current tf +25°C 
Full 


POS Quiescent Supply Current Osc Freq = 100kHz Full 
BVp, P+ to P- Breakdown Voltage Ipy = 100nA Full 


VREG Regulator Voltage, PO to Reg IREG = 2mMA +25°C 


250 


[o>) ok 
ol (=) 


Full 


Rrea Regulator Impedance, PO to Reg IREG = 10mMA, 30mMA Full 


12.5 


ami 
N 


1 
3 


Charge Pump Duty Cycle eee Full 


N 


E 
D 
VOcp 
VOcp 


30 
4.4 
4.0 
3 
11 
7 
28 


ss 
5 

| 125 | 
| 20 | 
| 60 
26.5 
zs 
ss 
| 
ae 
| 2 
a 
ee] 


28.5 V 


Comparator Input Leakage ViNcmp = VPO/2 Full 
V Comparator Offset Voltage Vom = VPO/2 Full 
VCM Comparator Common Mode Voltage Range PY Full 


RGOspco_ | GO Output RDS, Sourcing Is~cg = 2A +25°C 
Full 
RGOsnk GO Output RDS, Sinking ISnk =2A +25°C 
Full 
RDSsprc_ | AO, BO Output RDS, Sourcing Ispcg = 10MA +25°C 150 
Full ae 
RDSgyx | AO, LO Output RDS, Sinking Isnk = 10MA | 75 | 125 


Dynamic Electrical Specifications Po to P- = 15V, P+ to P- = 30V, P- = OV, Ref to P- = 2mA. Full Temp 
Ty = -40°C to +150°C 


[Svmeol | PARAMETER | _TESTCONDITIONS | TEP | WIN | TYP 


CP 
CP 
OS 


rs) 
VP0+2 


3 


(VP-)+2 


5 
5 
4 
2 
29 
0 
1 
15 
3 


1 
3 
35 
2 
20 
00 
50 
01 
2 
85 
75 


UNITS 
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Specifications HIP2030 


Dynamic Electrical Specifications Po to P- = 15V, P+ to P- = 30V, P- = OV, Ref to P- = 2mA. Full Temp 
Ty = -40°C to +150°C (Continued) 


Can 
— 
. 1 
— ee eee’ Ee 

Fat 
——— ee 
ee a ee oe 

_— 


Timing Waveforms 


Gt (LOW) 


en Sa: Tere 
a Si Toner i, hea 2 ie 


(LAST STATE) 
Lo 
(OUTPUT) 
GO 
(OUTPUT) 
FIGURE 1. 
Gt (HIGH) 


ee a 
cs i, co Jil 


(LAST STATE) 
LO susesccessssseais 


(OUTPUT) Seedecsseeeseest oy 
GO Yl: l 
(OUTPUT) 
(UNDEFINED 
STATE) 


+ Refers to the state of the input comparator output 


FIGURE 2. 


2-25 


MCTs 


HIP2030 


Pin Descriptions 


PIN 
NUMBER | SYMBOL DESCRIPTION 


Negative Comparator input for A channel. This input has a Protected Comparator Input that is clamped to Ps | 
and P- through a 330 ohm resistor. The common mode input voltage, for the Protected Comparator Input, rang- 
es from (VP-) +2V and (VPO) +2V. The CMOS output AO (Pin 24) is low when input A- is “True” and input A+ is 


Positive Comparator Input for A channel. The CMOS output AO (Pin 24) is high when input A+ is “True” and 
input A- is “False”. 


Negative Comparator input for B1 channel. The output of the internal B1-channel comparator is low when input 
B1- is “True” and input B1+ is “False”. 


Positive Comparator Input for B1 channel. The output of the internal B1-channel comparator is high when input 
B1+ is “True” and input B1- is “False”. 


B2- Negative Comparator Input for B2 channel. The output of the internal B2-channel comparator is low when input | 


B2- is “True” and input B2+ is “False”. 


Positive Comparator Input for B2 channel. The output of the internal B2-channel comparator is high when input 
B2+ is “True” and input B2- is “False”. 


Negative Comparator Input for L (Latch) channel. Latch mode operation is disabled when L- is “True” and L+ is | 
“False”. NMOS output LO (Pin 26) is active high in a no latch state. The GO output (Pin 23) is controlled by G- | 
channel inputs. 


Positive Comparator Input for L (Latch) channel. Latch mode operation is enabled when L+ is “True” and L- is 
“False”. NMOS output LO (Pin 26) is active low in latch state. The GO output (Pin 23) goes toa | 
“P-MCT OFF” state (VGO = VP+) and is controlled by the internal L-channel latch; which bypasses the G-chan- |, 
nel inputs. Latch mode always overrides the R-channel. 


Negative Comparator Input for R (Reset) channel. Reset mode, for the internal L-channel latch, is disabled 
when RP- is “True” and R+ is “False”. | 


Positive Comparator Input for R (Reset) channel. Reset mode, for the internal L-channel latch, is enabled when | 
R+ is “True” and R- is “False”. Reset mode (enabled) unlatches the internal L-channel latch; which allows the 
G-channel inputs to control the GO output (Pin 23). Latch mode must be disabled to operate in reset mode. 


11 G- Negative Comparator Input for G (Main) channel. The G-channel output (Pin 23) goes to a “P-MCT OFF” state 
(VGO = VP+) when G- is “True” and G+ is “False”. 


Positive Comparator Input for G (Main) channel. The G-channel output (Pin 23) goes to a “P-MCT ON” state 
(VGO = VP-) when G+ is “True” and G- is “False”. 


Input for programmable Minimum Low Time timing capacitor (C+). MLT is set by connecting a capacitor between | 
PO (Pin 22) and MLT (Pin 13). MLT is approximated by the equation: (C+)(5V)/(100uA). 


Input for programmable Minimum High Time timing capacitor (Cy). MHT is set by connecting a capacitor be- 
tween PO (Pin 22) and MHT (Pin 14). MHT is approximated by the equation: (Cy)(5V)/(100unA). MHT becomes 
Minimum Low Time function for turning on N-MCT’s. 


5V regulator output. An opto-coupler or fiber-optic receiver may be power by connecting the positive voltage pin 
of the IC to PO (Pin 22) and the IC common to REG (Pin 15). The internal regulator (REG) must sink 2mA of 
current minimum for the MLT and MHT functions to work properly. 


Chip negative supply. This pin is generally used as the DC bias power supply common. The regulator transistor, 
charge pump and logic are referenced to P- (Pin 16). 


Output of the Charge Pump Oscillator Inverter stage. A 0.47uF capacitor is normally connected from this output 
to CPA (Pin 19). 


| 
| CPA Input of the charge pump steering diode. A 0.47uF capacitor is normally connected from this input to CPB (Pin 18). 


HIP2030 


Pin Descriptions (Continued) 


Positive supply rail for the charge pump 


10mA of DC current. 


10mA of DC current. 


HIP2030 Application Information 


The Harris Photo-Coupled Isolated Gate Drive (HPCIGD) 
circuit, illustrated in Figure 3, contains four subcircuits: a Single 
Supply DC bias, a Regulated voltage divider reference, a Local 
Energy Source Capacitance, and a Photo-Couple Receiver. 


The Single Supply DC Bias Circuit, shown in Figure 3, con- 
sists of a single external dropping resistor (R1) connected 
between pins P+ (U1-28) and PO (U1-22). When an input volt- 
age of 30V is applied across pins P+ and P- (U1-16), R1 forms 
a resistive divider network with the input impedance located 
between pins PO and P- (RVPO). This allows the circuit 
designer to adjust the value of R1 to obtain a desired bias volt- 
age between pins PO and P- (VPO.). The value of RVPO can be 
calculated by evaluating the equivalent Quiescent Input Imped- 
ance (RQ) and the 5V reference impedance (RR) as parallel 
resistances. The values for R1, RQ, RR, and RVPO can be 
determined by using Equations 1(A, B, C, D) as shown in 
Appendix A, Exercise 1.1. 


The Regulated Voltage Divider Reference is comprised of 
two resistors (R3 and R4) connected in series and are located 
across pins PO and REG. This voltage divider provides a stable 
voltage reference to all of the HIP2030 comparator inputs. 
Resistors R3 and R4 are selected equal in value to create a 
midpoint bias reference between the peak to peak input signal 
of U2. Also, the midpoint bias method ensures that input sig- 
nals generated from U2 and midpoint bias reference voltages 
are within a safe common mode voltage range of the compara- 
tors. 


The Local Energy Source Capacitances, C1 and C2, are 
needed to supply the charge required to drive large capaci- 
tance loads at high dv/dts. The HPCIGD circuit uses low cost 
“oversized” tantalum capacitors (C = 10u1F) that are used for C1 


PIN 
NUMBER | SYMBOL DESCRIPTION 
20 


CLMP An internal 12V clamp that can be used for additional regulation across PO (Pin 22) and P- (Pin 16). 


Chip positive supply. This pin is generally used as the DC bias power supply positive input 


Main channel output (Gate Output). The gate output controls the switching of power devices and is normally 
connected to the P-MCT gate. GO can sink or source greater than 6A peak at VP+ equal to 30V. 


A-Channel Output. AO has a CMOS output that switches from PO (Pin 22) to P- (Pin 16). AO can source or sink 


L-Channel Output. L-channel has a NMOS output that connects LO to P- (Pin 16) in latch mode. LO can sink 


High side output. Connects to the output of a charge pump steering diode. A 10.0uF capacitor is normally con- 
nected from this output to PO (Pin 22) to supply the high side of the gate voltage. 


B-Channel Output. B-channel has a PMOS output that connects BO to PO (Pin 22) when turned on. BO can 
source 10mA of DC current from PO. 


and C2. If rise times and overshoot are critical, ceramic capaci- 
tors with low ESL and ESR should be used to improve gate 
drive signals. In a power circuit, where the gate driver is 
exposed to high dv/dts, the network of C1 and C2 directs noise 
current away from the HIP2030. This allows the HFOIGD circuit 
to operate well in half bridge power circuits that use a trans- 
former coupled power source. 


The Photo-Coupled Receiver subcircuit consists of U2, R5, C4, 
and R6. U2 is a photocoupler which combines an infrared emitter 
diode (IRED) and a high speed photo detector to translate light 
pulses to low voltage input signals. These signals are routed to 
the G channel and are used to control the output GO. Compo- 
nent R5 is used to limit the DC current through the IRED when 
the input signal voltage switches to its most positive level. A wide 
range of input voltages may be accommodated by varying R5 to 
limit the IRED current to 25mA. C4 is a speed up capacitor and is 
selected to match the forward bias capacitance of the IR diode. 
The last component, R6, is an optional part and is intended to be 
a termination resistor with the value set by the user. 


The Harris HIP2030 Evaluation Board (HIP2030EVAL) is a 
printed circuit board (PCB) developed to help evaluate the 
performance of the HIP2030 MCT/IGBT Driver IC in power 
switching circuits. The component layout of the HIP2030DB 
circuit enables the user to conveniently populate the PCB for 
either Photo-Coupled or fiber-optic receivers. In addition, the 
PCB layout has provisions for “on board prototyping” and spe- 
cial function components. This facilitates the gate drive circuit 
design and allows the user to exercise the internal architec- 
ture and special functions of the HIP2030. The schematic of 
the HIP2030DB, illustrated in Figure 4, uses the basic 
HPCIGD circuitry and has provisions for “on board prototyp- 
ing” and special function components. 
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FIGURE 3. HARRIS PHOTO-COUPLED ISOLATED GATE DRIVE 
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FIGURE 4. HARRIS HIP2030 EVALUATION BOARD (NOTE 9) 


NOTES: 
1. Capacitors C5 and C6 are special function components which control MLT and MHT. 
. Asymmetrical gate drive may be obtained by opening J2 and adjusting R1 and R2 for the desired voltage ratio. 
. Insert C7 for charge pump operation. 
. Open J3 to disable the charge pump oscillator. 
. Open J1 to disable the internal 12V regulator. 
. R5 is added for noise rejection at high Cdv/dts. 
. The internal 5V reference (REF) must be operational for MHT and MLT functions to work properly. 
P1 - P12 are access pads for all comparator inputs. 
. Request Harris File #3918 for a full description of the HIP2O30EVAL board. 


© OND Fw ND 
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Typical Performance Curves 
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FIGURE 5. SUPPLY CURRENT (IPO) vs SUPPLY VOLTAGE (PO) 
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FIGURE 7. REGULATOR VOLTAGE vs LOAD CURRENT 
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FIGURE 9. PROPAGATION DELAY vs VOLTAGE OVERDRIVE 
FOR A, B1, AND B2 CHANNELS 
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FIGURE 6. SUPPLY CURRENT (IPOS) vs SUPPLY VOLTAGE 
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FIGURE 8. CLAMP VOLTAGE vs CLAMP CURRENT 
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FIGURE 10. PROPAGATION DELAY vs VOLTAGE OVERDRIVE 
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Typical Performance Curves (Continued) 
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FIGURE 11. PROPAGATION DELAY vs VOLTAGE OVERDRIVE 
FOR R AND L CHANNELS 


Appendix A Exercises 
Exercise 1.1 


Q: How do | calculate the value of the series dropping resis- 
tor R1, shown in Figure 3? 


A: The values for R1, Ra, Rr and Rypo can be determined 
by using Equations 1 (A, B, C, and D). 


Ro = abe, (EQ. 1A) 
lQpo 
V 
Ra = Tr ) (EQ. 1B) 
lopto VDR = RP 
1 
"vPo = ee (EQ. 1C) 
Ra Rr | 
Where: Vpo = Voltage between pins PO and P- (U1 - U22 
and U1 - U16). 
Igpo = Quiescent current flowing into pin PO. 
lapto = Quiescent current of the HBR-2521 fiber- 
optic receiver. 
lypR = Current flowing through R3 and Ré4 (volt- 


age divider reference). 


Inp = Current flowing through pull up resistor R2 
(in “ON” or “OFF” state) 


TEMPERATURE (°C) 


FREQUENCY (kHz) 


FIGURE 12. OSCILLATOR FREQUENCY OVER TEMPERATURE 
FOR CHARGE PUMP 
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The maximum value of R1 can easily be determined in four 
design steps: 


1. Assume the following values: 


Vin = 30V DC 

lagpo = 2.75mA at Vpo = 15V 
lopto = SmA 

lypR = 2.5mA 


IRP(ON) = SMA, R2 = 1K, VR2 = 5V 
2. Select a usable value of Vpp between 7V and 15V DC. 
Use Vpo = 15V 
3. Solve for Rypp using Equations 1 (A, B, and C): 


oy 15V 


= —— = 545K 
Q- 2.75mA 


15V 


SS = 1.20K 
R ~ (5mA +2.5mA + 5mA) 


veo = 7 7 


ee 
5.45K 1.20K 


4. Solve for R1 using Equation 1(D): 


Rison (Vie —Vend 
Ry = PO IN PO" (EQ. 1D) 


Veo 


984 (30V — 15V) 


Ri= 
15V 


= 984 
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Brarns  HIP2030EVAL 


August 1994 Isolated MCT/IGBT Gate Driver Evaluation Board 

Features Description 

¢ 3000VDC Isolation The HIP2030 is a medium voltage integrated circuit (MVIC) 

. V /dt Capabilit capable of driving large capacitive loads at high voltage slew 
wane en ins oe _— rates (dv/dts). This device is optimized for driving 60nF of 

* + Polarity Gate Drive MOS gate capacitance at 30V peak to peak in less than 

e Standard Opto-Coupler LED Input 200ns. The half bridge gate driver is ideal for driving MOS 

° Peak Output Current 6.0A Controlled Thyristor (MCT) and IGBT modules. 

A The architecture of the HIP2030 includes four comparator 
hepadesanhd en aia input channels, a 5V reference, a 12V regulator, and a high 

e Fast Rise Time re ee ee ee 200ns at 60,000pF side charge pump. The device provides the user with the 

¢ Ability to Drive MCT or IGBT Modules ability to control minimum low time (MLT) and minimum high 


time (MHT) at the gate channel output (GO) by varying two 


+ PPA rem ee le: arta Cer e LTeS, external capacitances. In addition, the device contains two 


¢ On Board Prototyping Area uncommitted comparator channels (channels A and B) that 
¢ 120kHz Gate Switching.......... CLoap at 15,000pF can be used as monitors (temperature sensing), indicators 
(LEDs or opto-couplers), input signal conditioning (both con- 
Applications tain Schmitt triggers), or oscillators. 
e Resonant Inverters The Harris HIP2030 Evaluation Board (HIP2030EVAL) is a 
printed circuit board (PCB) developed to help evaluate the 
* Motor Cantrotiers performance of the HIP2030 MCT/IGBT Driver IC in power 
e Uninterruptible Power Supplies switching circuits. The component layout of the HIP2030EVAL 
° Inverters circuit enables the user to conveniently utilize either photo- 


coupled or fiber-optic receivers. In addition, the PCB layout 
has provisions for “on board prototyping” and special func- 
e Arc Welders tion components. This facilitates the gate drive circuit design 
and allows the user to exercise the internal architecture and 
special functions of the HIP2030. 


e Converters 


Ordering Information 


PART NUMBER TEMPERATURE RANGE 
HIP2030EVAL -40°C to +85°C 


Board Layout Simplified Board Diagram 
ASSEMBLY LAYER 


iN HIP2030 DRIVER 
© BOARD 12/14/93 pam 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |.C. Handling Procedures. File Number 391 8 
Copyright © Harris Corporation 1994 9.39 
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HIP2030EVAL Application Information 
Initial HIP2O30EVAL Configuration 


The HIP2030EVAL is populated with the Harris Photo-Cou- 
pled Isolated Gate Driver (HPCIGD) components and is con- 
figured as a dual polarity gate driver. To operate the driver 
board, the user must provide a damping resistor, an isolated 
DC bias voltage between 24V and 30V, and a control signal 
to the photo-coupler subcircuit. The schematic of the 
HIP2030EVAL shows the initial jumper and component con- 
figurations in the PCB Schematic. For more detailed infor- 
mation please refer to Applications Note AN9408. 


DC Input Power 


The HIP2030EVAL is configured for a 12V regulated single 
supply DC bias (SSDCB) operation. The SSDCB bias 
scheme allows the HIP2030EVAL to operate reliably with a 
single isolated DC supply and will accept input bias voltages 
ranging from 24V to 30V. Dropping resistor R9 and an inter- 
nal clamp Vc. yp are used in combination to provide a regu- 
lated 12VDC bias voltage for the HIP2030 logic circuitry. The 
DC voltage input connections, for SSDCB operation, are 
applied to connector J2 between inputs P+ and P-. 


Control Signal 


HIP2030EVAL photo-coupler input can be driven with any 
signal generator that can supply a control signal with a pulse 
amplitude of 5V peak and provide 25mA of diode current. 
The input signal connections for the photo-coupled subcir- 
cuit, shown in the Simplified Board Diagram, are applied to 
connector J3 between inputs (+) and (-). The input signal 
requirements of the HIP2030EVAL are designed to be sim- 
ple and allows the user to control the driver board with 
peripherals that contain either discrete logic or linear circuits. 


Gate Output (GO) 


The HIP2030EVAL is configured as a dual polarity gate 
driver with the gate return referenced to PO. In this mode of 
operation, the HIP2030 generates a -12V or a +18V output 
voltage when the SSDCB voltage equals 30V. The GO out- 
put connections, for -12V or +18V operation, are located at 
connector J1 between inputs G and GR. 


Methods of DC Bias 


The HIP2030EVAL can be biased in one of three configura- 

tions: a single supply (with a dropping resistor), a dual sup- 

ply, and a single supply with a high side charge pump. 

Single supply operation, using a dropping resistor (R9) and 

Vetmp, uses one high side voltage supply and provides 

enough charging current to drive large capacitive loads at 

high frequencies. An example of this bias scheme is shown 

in the PCB Schematic. 

Dual supply biasing (DSB) is configured by removing the drop- 

pigng resistor, adding a bias resistor and connecting two iso- 

lated power supplies. Follow steps 1 through 6 to use the DSB. 
1. Apply voltage source #1 (V1) between PO and P-. 

. Apply voltage source #2 (V2) between P+ and PO. 

. Install 10Q resistor R8. 

. Remove dropping resistor RQ. 

. Adjust V1 to provide the desired negative gate drive voltage. 

. Adjust V2 to provide the desired positive gate drive voltage. 


Ooh W DY 


Adjusting Gate Drive Output Polarity 


The driver board is configured for driving a generic power 
switch and references the gate drive to PO; which is approxi- 
mately half the voltage that is applied between P+ and P.-. 
The HIP2030EVAL has provided the ability to adjust the gate 
drive output polarity to accommodate input voltage require- 
ments for various power switches. Configurations for sym- 
metric and asymmetric output polarities are given below. 


Symmetric Output Polarity 


Open JP2 (configures the middle of the R1/R2 voltage divider 
for the gate return reference). Add R1 and R2 (select equal 
values of R1 and R2; typical values are between 1K and 10K). 


Asymmetric Output Polarity 


Open JP2 (configures the middle of the R1/R2 voltage divider 
for the gate return reference), select R2 with this equation: 


R2 = eee (R1) | (EQ. 1) 


((VP+) —VPO) 
Add R1 and R2 (typical values are between 1K and 10K). 
Jumper Settings 


Jumpers JP1, JP2, and JP3 are initially configured as shorts. 
Jumpers names and their functions are listed: 


JP1 - Connect the internal 12V clamp, located inside the 
HIP2030, across PO to P-. 


JP2 - Use PO for the gate return reference. 
JP3 - Applies DC bias voltage to charge pump circuitry. 


Minimum High and Low Time Functions 


The HIP2030 provides two special functions that are unique 
to driving MCT power devices. These functions are called 
Minimum High Time (MHT) and Minimum Low Time (MLT). 
MLT and MHT are used to ensure that input control signals, 
with gate signals <1ps in duration, turn on and off the MCT 
devices reliability. The time settings for MHT and MLT are set 
as a function of MCT “ON” and “OFF” delay times. Both of 
these time settings can be independently programmed by 
installing a capacitor between its function pin (MHT and 
MLT) and pin PO. The value of either capacitor can be 
approximated by the equation: 


(100A) (DELAYTIME) 
ola 5V 


Monitor Channel Outputs 


Channel outputs A, B, and L are accessed on the solder side 
of the HIP2O30EVAL and are located above jumpers JP3 and 
JP4. The locations for AO, BO, LO, J1, and J3 are illustrated in 
the HIP2030EVAL PCB assembly layer drawing. 


On Board Prototyping Suggestions 


The HIP2030EVAL PCB furnishes the experimenter with a 1” 
x 0.6” prototyping area that provides a 62mil solder pad 
array at 100mil spacing. Pads P1 through P12, located at the 
inputs of the voltage comparators, are used as access points 
to the channel inputs and may be jumpered over to the pro- 
totype areas. These pads are currently connected to either 
the middle of the regulated voltage divider (between R3 and 
R4), PO (U1-22), REG (U1-15) or control signal (U2-6). 
These traces are easily cut with the use of an “exacto-knife” 
and can be disconnected to prototype various circuits. 


(EQ. 2) 
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MCTs 


HIP2030EVAL 


PCB Schematic 
G | 
MOS GATE 
GR 
P+ 
” 30VDC 
P- 
~ 5V INPUT 
+ SIGNAL 
R7 
1K 
V P- 
NOTES: 
1. Capacitors C5 and C6 are special function components which control MLT and MHT. 
2. Asymmetrical gate drive may be obtained by opening J2 and adjusting R1 and R2 for the desired voltage ratio. 
3. Insert C7 for charge pump operation. 
4. Open J3 to disable the charge pump oscillator. 
5. Open J1 to disable the internal 12V regulator. 
6. R5 is added for noise rejection at Cdv/dts. 
7. The internal 5V regulator (REG) must be operational for MHT and MLT functions to work properly. 
8. P1 - P12 are access pads for all comparitor inputs. 
TABLE 1. EVALUATION BOARD PARTS LIST 
REFERENCE DESIGNATOR VALUE TYPE 


Reta 
2 Od 
TTRW Metal Film (77) 


FIPZ030 28 Pin PLOC 
TLP260% Sin Plasto Dip 


2-34 


HIP2030E VAL 


TABLE 2. LOGIC 


INPUTS OUTPUTS 


1 = Input True U = Undefined 
0 = Input False LS = Last State 
Board Layouts 
TOP LAYER BOTTOM LAYER Pe 
O 
= a = 
y~ 0000 
(J) @@@ 
~ @@ 
& @ 
@eoeeeee@ 
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INSULATED GATE BIPOLAR TRANSISTOR DATA SHEETS 


HGTD6N40E1, GA, 400V atid SO0V N-Channel WASTS. ...cccacccawseeessavaseeeeeeeddoasoxnades 3-7 
HGTD6N40E1S, . 

HGTD6N50E1, 

HGTD6N50E1S 


HGTP6N40E1D, 6A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes ............. 3-11 
HGTP6N50E1D 


HGTP10N40C1, 40E1, 10A, 12A, 400V and 500V N-Channel IGBTs .............. 0... cece eee eee ee eee 3-15 
50C1, 50E1, . 

HGTH12N40C1, 40E1, 

50C1, 50E1 


HGTP10N40C1D, 10A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes ............ 3-20 
HGTP10N40E1D, 
HGTP10N50C1D, 
HGTP10N50E1D 


HGTP10N40F1D, 10A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes ............ 3-25 
HGTP10N50F1D 
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HGTD10N40F 1S, 

HGTD10N50F1, 

HGTD10N50F1S 


HGTH12N40C1D, 12A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes ............ 3-33 
HGTH12N40E1D, 
HGTH12N50C1D, 
HGTH12N50E1D 


HGTP12N60D1 120, BOCy BC A a ice da oowk seb eho ese basa rae steew ese wnueseenne st 3-38 
HGTB12N60D1C 12A, 600V Current Sensirig N-Channel iGBT 2.06.6. cevecntuceveex eee twee canenus 3-42 
HGTG12N60D1D 12A, 600V N-Channel IGBT with Anti-Parallel Ultrafast Diode ...................... 3-46 
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HGTP14N40F3VL 14A, 400V N-Channel, Logic Level Voltage Clamping IGBT........................ 3-50 


HGTP14N36G3VL, 14A, 360V N-Channel, Logic Level, Voltage Clamping IGBTs ...................... 3-55 
HGT1S14N36G3VL, 
HGT1S14N36G3VLS 
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50C1, 50E1 
HGTP20N35G3VL, 20A, 350V N-Channel, Logic Level, Voltage Clamping IGBTs ...................... 3-66 
HGT1S20N35G3VL, 
HGT1S20N35G3VLS 
HGTG20N50C1D 20A, 500V N-Channel IGBT with Anti-Parallel Ultrafast Diode ...................... 3-71 
HGTH20N40C1D, 20A, 400V and 500V N-Channel IGBTs with Anti-Parallel Ultrafast Diodes ............ 3-76 
HGTH20N40E1D, 
HGTH20N50C1D, 
HGTH20N50E1D 
HGTP20N60B3 40A, 600V, UFS Series N-Channel !IGBT ............ 0.00... ce cece eee ee eee 3-81 
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HGTG24N60D1D 24A, 600V N-Channel IGBT with Anti-Parallel Ultrafast Diode ...................... 3-107 
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HGTG34N100E2 34A, 1000V N-Channel IGBT............ 0... ce eee ee ee ee ee eee eee eee eens 3-124 
HGTD8P50G1, 8A, 500V P-Channel IGBTs.......... 0.0.0... cece eee ee ee eee eee eee eee 3-129 
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HARRIS IGBT PRODUCT LINE 


MAXIMUM RATINGS 
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TO-218AC MO-093AA 
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HARRIS IGBT PRODUCT LINE (Continued) 


MAXIMUM RATINGS 


HGTG24N60D1 


HGTG32N60E2 


SHADING indicates DEVELOPMENTAL PRODUCTS 
NOTES: 


1. I¢gg = maximum continuous current rating at Tc = +90°C. 
2. low = Maximum pulsed current rating. 
3. te measured at To = +150°C. 


HARRIS IGBTs FEATURING LOGIC LEVEL DRIVE AND COLLECTOR-GATE VOLTAGE CLAMPING 


MAXIMUM RATINGS AT Tg, = 25°C 


Bi cee _— VcE(sar) Re Rec INDUCTIVE USE 
(V) (A) (A) (Q) (Q) TEST (A) TO-262AA TO-263AB 


350 - 420 14at90°C |2.0at10A,4.5V] 1k (Typ) | None | 17 at L = 2.3mHy ae fl HGTP14N40P3VL 
320 - 390 | 20 1.6 at10A,4.5V]| 1k (Typ) 12k-24k | 26atL=2.3mHy | HGT1S20N35G3VL | HGT1S20N35G3VLS HGTP20N35G3VL 
330 - 390 1.45 at7A,4.5V| 75 (Typ) 10k-30k | 17atL=2.3mHy | HGT1S14N36G3VL | HGT1S14N36G3VLS HGTP14N36G3VL 


SHADING indicates DEVELOPMENTAL PRODUCTS 
NOTES: 


4. Io199 = Maximum continuous current rating at To = +100°C. 
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Selection G U ide (Continued) 


HARRIS IGBT'S WITH AN INTEGRAL REVERSE DIODE 


MAXIMUM RATINGS 


Icg90 Icom t 
(A) (A) (us) TO-220AB TO-218AC 
1 
1 
1 
1 
0 


Fi 


oO 
oi 


HGTP10N40C1D 
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| 0.5 | HGTH20N50C1D HGTG20N50C1D 


HARRIS IGBT'S WITH INTEGRAL CURRENT SENSING 


MAXIMUM RATINGS 


BVces Ic9o0 lom te 
(V) (A) (A) (us) TS-001AA (5 LEAD TO-220) 


NOTES: 
1. I¢g9 = Maximum continuous current rating at To = +90°C. 


2. lom = Maximum pulsed current rating. 
3. te measured at Tc = +150°C. 
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HARRIS “UFS” ULTRA FAST SWITCHING IGBT PRODUCT LINE 


MAXIMUM RATINGS 


BVces Ic110 
(V) (A) SCWT (us) Pd TO-220AB 
4 at 15V 0.2 HGTP20N60B3 
10 at 10V 


NOTES: 
1. I¢449 = Maximum continuous current rating at To = +110°C. 
2. SCWT = Short Circuit Withstand Time (minimum capability). 
3. te measured at Tc = +150°C. 


HARRIS “UFS” ULTRA FAST SWITCHING IGBT PRODUCT LINE WITH AN INTEGRAL REVERSE DIODE 


MAXIMUM RATINGS 
BVces le110 SCWT te DIODE 
(V) (A) (us) (us) tar (ns) TO-247 
4 at 15V 0.2 55 HGTP20N60B3D 
10 at 10V 


NOTES: 
1. I¢449 = Maximum continuous current rating at To = +110°C. 
2. SCWT = Short Circuit Withstand Time (minimum capability). 
3. te measured at Tc = +150°C. 
4. Diode tar measured at lec = 20A, di_ep/dt = 100A/us, To = 25°C. 
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HGTD6N40E1, HGTD6N40E71S, 
HGTD6N50E1, HGTD6N50E1S 


SEMICONDUCTOR 


Ga HARRIS 


6A, 400V and 500V N-Channel IGBTs 


April 1995 


Features 


6A, 400V and 500V 
VcE(on): 2-5V Max. 
Trac: 1-0us 

Low On-State Voltage 
Fast Switching Speeds 
High Input Impedance 


Packages 


HGTD6N40E1, HGTD6N50E1 
JEDEC TO-251AA 


EMITTER COLLECTOR 


COLLECTOR 
(FLANGE) 


HGTD6N40E1S, HGTD6N50E1S 


Applications 
JEDEC TO-252AA 


¢ Power Supplies 
e Motor Drives 
¢ Protective Circuits 


ge> ~< COLLECTOR 
EMITTER Ne (FLANGE) 
— GATE 

Description 


The HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, and 

HGTD6N50E1S are n-channel enhancement-mode insulated : : 

gate bipolar transistors (IGBTs) designed for high voltage, low | 7erminal Diagram 
on-dissipation applications such as switching regulators and N-CHANNEL ENHANCEMENT MODE 
motor drivers. These types can be operated directly from low 

power integrated circuits. . 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
HGTD6N40E1 TO-251AA G6N40E 
HGTD6N50E1 TO-251AA |G6NSOE 


2 
mM 
So 


HGTD6N40E1S TO-252AA G6N40E 
HGTD6N50E1S TO-252AA G6NS0E 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
HGTD6N40E1 HGTD6N50E1 
HGTD6N40E1S HGTD6N50E1S 
Collector-Emitter Voltage 400 500 
Collector-Gate Voltage Reg = MQ 400 500 
Gate-Emitter Voltage +20 +20 
Collector Current Continuous at Tc = +25°C 75 7.5 
at To = +90°C 6.0 6.0 
Power Dissipation Total at Tg = +25°C 60 60 
Power Dissipation Derating Tc > +25°C 0.48 0.48 wc 
Operating and Storage Junction Temperature Range -55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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Specifications HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
HGTD6N40E1 HGTD6N50E1 
HGTD6N40E1S | HGTD6N50E1S 
PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown BVces Ic = 250A, Veg = OV 500 
Voltage 


Zero Gate Voltage Collector Ices 
Gate-Emitter Leakage Current 


Collector-Emitter On-Voltage Voeon) | Ty = +150°C, Io = 3A, Ve = 10V 
Ty = +150°C, lo oad 3A, VGE = 15V 


UNITS 


00 
20 


fo) 


~ 
on 


a 


~ 
on 


N 
o 
oO 


25 
1 


Ty = +25°C, lo os 3A, Voce = 10V 
Ty = 425"C. lo = 3A, VGE = 15V 


wf repr} ris 
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hl oy oo 
a | 
> 
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oy on 
nt 
a] 5 
=<) < 
oe 


Resistive Load, Ic = 3A, 90 (Typ 
a MC Pea S209 


Turn-Off Energy Loss Per Cycle Worr 
(Off Switching Dissipation = 
Woer X Frequency) 


to(oFF)I Inductive Load (See Figure 11), 
Fall Time Ic = 3A, Vce(cip) = 400V, 

Fal Time = 1330, L = SOpH, T, = +150°C, 
Turn-Off Energy Loss Per Cycle Voge = 10V, Rg = 252 
(Off Switching Dissipation = 
Worr X Frequency) 


Thermal Resistance Junction-to- Rec 
Case (IGBT) 


Typical Performance Curves 


Gate-Emitter Plateau Voltage Io = 3A, Voge = 10V 


~_-~ 
— 


Rg = 252 24 (Typ) 
1100 (Typ) 


Pi 
on 


PULSE DURATION = 250us 


PULSE TEST, Veg = 10V 
DUTY CYCLE < 0.5%, Tg = +25°C 


PULSE DURATION = 250s 
6.0 | DUTY CYCLE < 2% 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


8 10 0 2 4 6 8 10 
Voge, GATE-TO-EMITTER VOLTAGE (V) Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 
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HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S 


Typical Performance Curves (Continued) 


er 

4 

ee al 
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VcE(on), SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE3. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT (TYPICAL) 


C, CAPACITANCE (pF) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) 


Ty = +150°C, Vge = 10V 
Rg = 250, L = 50uH 


te, FALL TIME (is) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT 
(TYPICAL) 
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Ice, DC COLLECTOR CURRENT (A) 


+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. DC COLLECTOR CURRENT vs CASE 
TEMPERATURE 


Ty +150°C, Vee = 15V, Rg = 500, 
Vce = 400V, L= 50H 
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tr(orF) TURN-OFF DELAY (us) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 
CURRENT (TYPICAL) 


Ty = +150°C, Voce = 10V 
Rg = 250, L = 50H 
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FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT (TYPICAL) 


HGTD6N40E1, HGTD6N40E1S, HGTD6N50E1, HGTD6N50E1S 


Typical Performance Curves (Continued) 


: 


R, = 166.72 
IG(REF) =0.18mMA 


Ty = +150°C, Tc = +100°C, Vee = 10V 
Rg = 25Q, PT = 60W, L = 50yuH 
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fuax = (Pp - PoVWorr 
Pp = ALLOWABLE DISSIPATION 
Pc. = CONDUCTION DISSIPATION 


COLLECTOR-EMITTER 
VOLTAGE 


fop, MAXIMUM OPERATING FREQUENCY (kHz) 
Voce, COLLECTOR-EMITTER VOLTAGE (V) 


TIME (us) o———— 
log, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. MAXIMUM OPERATING FREQUENCY vsCOLLECTOR FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CURRENT AND VOLTAGE (TYPICAL) CONSTANT GATE CURRENT 


Test Circuit 


1MRg = 1/Roen + Roe 


b | 


rw fF Fee = w= 


FIGURE 11. INDUCTIVE SWITCHING TEST CIRCUIT 


Voge, GATE-EMITTER VOLTAGE (V) 


HGTP6N40E1D, 
HGTP6N50E1D 


6A, 400V and 500V N-Channel IGBTs 
with Anti-Parallel Ultrafast Diodes 


SEMICONDUCTOR 


Ga HARRIS 


April 1995 


Features 


6A, 400V and 500V 
Latch Free Operation 


Package 
JEDEC TO-220AB 


EMITTER 
COLLECTOR 


High Input Impedance 
Low Conduction Loss 
With Anti-Parallel Diode 
tar < 60ns 


COLLECTOR 
(FLANGE) 


Description 


The IGBT is a MOS gated high voltage switching device combin- | Terminal Diagram 

ing the best features of MOSFETs and bipolar transistors. The 

device has the high input impedance of a MOSFET and the low lassie eacaheaiaieeiata ean 
on-state conduction loss of a bipolar transistor. The much lower 

on-state voltage drop varies only moderately between +25°C 

and +150°C. The diode used in parallel with the IGBT is an 

ultrafast (tap < 60ns) with soft recovery characteristic. 
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The IGBTs are ideal for many high voltage switching applica- 
tions operating at frequencies where low conduction losses 
are essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
HGTP6N40E1D TO-220AB G6N40E1D 
HGTP6N50E1D TO-220AB G6N50E1D 


NOTE: When ordering, use the entire part number 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


HGTP6N40E1D HGTP6N50E1D - UNITS 
Collector-Emitter Voltage 500 V 
Collector-Gate Voltage Reg = 1MQ 500 V 
Collector Current Continuous at To = +25°C : 75 A 
at To = +90°C 6 A 
Collector Current Pulsed (Note 1) ; 18 A 
Gate-Emitter Voltage Continuous +20 V 
Diode Forward Current at To = +25°C 10 A 
at To = +90°C 6 A 
Power Dissipation Total at To = +25°C 75 Ww 
Power Dissipation Derating To > +25°C 0.6 wc 
Operating and Storage Junction Temperature Range -55 to +150 -55 to +150 a 
Maximum Lead Temperature for Soldering 260 260 °C 
NOTE: 
1. Ty =+150°C, Min. Reg = 25 without latch. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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File Number 2795.2 


Specifications HGTP6N40E1D, HGTP6N50E1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown BVces | Ic = 1.25mA, Veg = OV 
Voltage 


LIMITS 
HGTP6N40E1D | HGTP6N50E1D 


4 


UNITS 


ed ei fs ; 
b uw} © 


ie) (2) 


500 


< 


00 
2.0 


Gate Threshold Voltage Vor = Vee: Io = 1mA 2.0 4.5 
Zero Gate Voltage Collector Ices Ty = +150°C, Vog = 400V 1.25 mA 


1.25 
100 


> 


m 


* 
on 


— 

Gate-Emitter Leakage Current | Ices | Voge = t20V, Vog = OV 

Vozion) | Ty = +150°C, Ic = SA, Voge = 10V 
Ty = +150°C, Io = 3A, Veg = 15V 
T) = 425°C, Io = 3A, Vog = 10V 
Ty = +25°C, Io = 3A, Veg = 15V 


Gate-Emitter Plateau Voltage lo = 3A, Voge = 10V 6.5 
On-State Gate Charge lo = 3A, Voge = 10V 6.9 (Typ) 
Turn-On Delay Time Resistive Load, Io = 3A, 90 (Typ) 
[Rise Time | dE 150°C, Vege = 10V 32 (Typ) 
tj mS +150°C, VGE = 10V, 
Turn-Off Delay Time Rg = 252 24 (Typ) 
Fall Time 1100 (Typ) 


Turm-Off Energy Loss Per Cycle Worr 0.29 (Typ) 
(Off Switching Dissipation = Wo rr x 
Frequency) 


Turn-Off Delay Time to(oFF)I Inductive Load (See Figure 13), 
‘ lo = 3A, VCE(CLP) = 400V, Ry = 
Pall Tune 133Q, L = 50pH, Ty = +150°C, Veg 
Turn-Off Energy Loss Per Cycle Worr = 10V, Re = 252 
(Off Switching Dissipation = Worr x 
Frequency) 


100 


> 


n 


Collector-Emitter On-Voltage 


2.5 


id Bd 
pp], oi oi © 
= 
< 


— it — 


0.43 


=A 


Thermal Resistance Junction-to- Rec 
Case (IGBT) 


Thermal Resistance of Diode 
Diode Forward Voltage lec = 6A 
Diode Reverse Recovery Time lec = 6A, dle-/dt = 100A/us 


Typical Performance Curves 


rm 
, ro) 
oO 
af nm 
. oO oO —_— 
O1 so foe) 


7.5 


PULSE TEST, Vc = 10V 
6.0 |. PULSE DURATION = 2501s 
DUTY CYCLE < 2% 


4.5 


3.0 


1.5 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Vge, GATE-TO-EMITTER VOLTAGE (V) Ve, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 


HGTP6N40E1D, HGTP6N50E1D 


Typical Performance Curves (Continued) 
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VcE(on), SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 3. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT (TYPICAL) 
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400 


300 
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C, CAPACITANCE (pF) 


100 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) 
1.5 
Ty = +150°C, Veg = 10V 
Rg = 250, L = 50uH 


te), FALL TIME (ys) 


0.5 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT 
(TYPICAL) 


Ice, OC COLLECTOR CURRENT (A) 


+50 +75 +100 +125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. DC COLLECTOR CURRENT vs CASE TEMPERA- 
TURE 


+150 


Ty +1 50°C, VceE = 15V, Rg = 50Q, 
Voce = 400V, L = 50H 
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tororry, TURN-OFF DELAY (us) 


Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 
CURRENT (TYPICAL) 


Ty = +150°C, Voe = 10V 
Rg = 250, L = 50uH 


Worr, TURN-OFF SWITCHING LOSS (mJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT (TYPICAL) 


HGTP6N40E1D, HGTP6N50E1D 


Typical Performance Curves (Continued) 


1000 


Ty = +150°C, To = +100°C, Voge = 10V 
Rg = 250, PT = 60W, L = 50u1H 
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So 


fax = (PD - PC)/Worr 
PD = ALLOWABLE DISSIPATION 
PC = CONDUCTION DISSIPATION 


fop, MAXIMUM OPERATING FREQUENCY (KHz) 


as 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. MAXIMUM OPERATING FREQUENCY vs COLLECTOR 
CURRENT AND VOLTAGE (TYPICAL) 


Ty = +1 50°C 


Ty = +100°C 


Ty = +25°C 


Ty =-50°C 


lec, EMITTER-COLLECTOR CURRENT (A) 


0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Vec, EMITTER-COLLECTOR VOLTAGE (V) 


FIGURE 11. TYPICAL FORWARD VOLTAGE 


Test Circuit 


1/Rg = 1/RoeEn + 1/Roe 


rw re & = = = 
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0.75 BVces 0.75 BVceEs 


0.50 BVces 0.50 BVces Y 
0.25 BVces 0.25 BVces 


gi 
Voce, GATE-EMITTER VOLTAGE (V) 


iene IN 


IG(REF) 


Voge, COLLECTOR-EMITTER VOLTAGE (V) 


TIME (us) 80 


Iq(act) 


FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CONSTANT GATE CURRENT 


di/dt > 100A/us 
Va = 30V, Ty = +25°C 


60 
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“CEETET TT TT 
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lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 12. TYPICAL REVERSE RECOVERY TIME 


tar, REVERSE RECOVERY TIME (ns) 


FIGURE 13. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTP10N40C1, 40E1, 50C1, 50E7, 
Go MARRS HGTH12N40C1, 40E1, 50C1, 50E1 


Features Packages 


10A, 12A, 


400V and 500V N-Channel IGBTs 


10A and 12A, 400V and 500V HGTH-TYPES JEDEC TO-218AC 


VcE(ON): 2.5V Max. 


Tr: Ips, 0.5s 
COLLECTOR 
Low On-State Voltage (FLANGE) 


Fast Switching Speeds 

High Input Impedance 

No Anti-Parallel Diode 
Applications 


e¢ Power Supplies 


HGTP-TYPES JEDEC TO-220AB 


renee COLLECTOR 
e Protection Circuits (FLANGE) 


Description 


The HGTH12N40C1, HGTH12N40E1, HGTH12N50C1, HGTH12N50E1, 
HGTP10N40C1, HGTP10N40E1, HGTP10N50C1 and HGTP10N50E1 
are n-channel enhancement-mode insulated gate bipolar transistors 
(IGBTs) designed for high-voltage, low on-dissipation applications such as 
switching regulators and motor drivers. These types can be operated 


Terminal Diagram 


EMITTER 
COLLECTOR 


EMITTER 
COLLECTOR 
GATE 
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directly from low-power integrated circuits. N-CHANNEL ENHANCEMENT MODE 


PACKAGING AVAILABILITY 


[_PARTWOMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Cc 


HGTH12N40C1 HGTH12N50C1 HGTP10N40C1 HGTP10N50C1 
HGTH12N40E1 HGTH12N50E1 HGTP10N40E1 HGTP10ON50E1 UNITS 


Collector-Emitter Voltage 400 500 
Collector-Gate Voltage Regge = 1MQ 400 500 
Reverse Collector-Emitter Voltage 15 15 
Gate-Emitter Voltage +20 +20 
Collector Current Continuous 12 12 
Collector Current Pulsed 17.5 17.5 
Power Dissipation at To = +25°C 75 75 
Power Dissipation Derating Above Tc > +25°C 0.6 0.6 
Operating and Storage Junction Temperature Range...Ty, Tstg -55 to +150 -55 to +150 
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fo 
60 
0.48 


-55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


17.5 
60 
0.48 
-55 to +150 


File Number 1697.3 


Specifications HGTP10N40C1, 40E1, 50C1, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
LIMITS 


HGTH12N40C1, E1, | HGTH12N50C1, E1, 
HGTP10N40C1, E1 | HGTP10N50C1, E1 
PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Io = 1MA, Veg = 0 400 


Voltage 


Gate Threshold Voltage Voce = Vee; Ie = IMA 


Zero Gate Voltage Collector Ices Vog = 400V, To = +25°C 
Voce = 500V, To = +25°C 
Voce = 400V, To = #125°G 


Current 
Voge = 500V, To = +125°C 
Gate-Emitter Leakage Current Voge = +20V, Voce = 0 


lo = 17.5A, Veg = 20V 


to(on)! lo = 10A, VcE(CLP) = 300V, 
L = 50H, T, = +100°C, 
[RiseTime Lt Vee = 10V, Rg = 500 
tel 


400 (Typ) 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
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Collector-Emitter on Voltage 
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Fall Time 


40E1, 50E1 680 (Typ) 


D 
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40C1, 50C1 


400 500 400 


1000 
Turn-Off Energy Loss per Cycle 


(Off Switching Dissipation = 
Worr X Frequency) 


lo = 10A, VCE(CLP) = 300V, 
L = 50p1H, Ty = +100°C, 
Voce = 10V, Rg = 502 


40E1, 50E1 680 (Typ) 


= 


40C1, 50C1 


o- 


Thermal Resistance 
Junction-to-Case 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 


4,969,027 


HGTP10N40C1, 40E1, 5001, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves 


Ice, COLLECTOR CURRENT (A) 
RATED POWER DISSIPATION (%) 
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Tp, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 50Q, FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERAT- 
Voe = OV ARE THE MIN. ALLOWABLE VALUES ING CURVE 
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17.5 


PULSE TEST, Vc_e = 10V 
PULSE DURATION = 80us 
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log, ON-STATE COLLECTOR CURRENT (A) 


2.5 
Vae; ae VOLTAGE (V) Vee, cOliNermeeienecrs VOLTAGE (V) 
FIGURE 5. TYPICAL TRANSFER CHARACTERISTICS FIGURE 6. TYPICAL SATURATION CHARACTERISTICS 


HGTP10N40C1, 40E1, 50C1, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves (Continued) 


PULSE TEST, Vee = 10V 
PULSE DURATION = 80ys 
DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE7. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 


i 
ee eee 
| —— 
—_ -_ 


ft | 


et A ae a Pa 

nae Sea een 

+25 +75 +100 +125 +150 
Tj, JUNCTION TEMPERATURE (°C) 

FIGURE 9. TYPICAL VceE(on) Vs TEMPERATURE 
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FIGURE 8. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE 
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FIGURE 10. TYPICAL TURN-OFF DELAY TIME 
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FIGURE 12. TYPICAL FALL TIME (Ic = 5A) 


HGTP10N40C1, 40E1, 50C1, 50E1, HGTH12N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves (Continued) 
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FIGURE 13. TYPICAL FALL TIME (Ic = 10A) FIGURE 14. TYPICAL CLAMPED INDUCTIVE TURN-OFF 


SWITCHING LOSS/CYCLE 


R, = 502 
loner = = 0.38mA 
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il NOTE: : 
FOR TURN-OFF GATE CURRENTS IN 


NOT ACCURATELY REPRESENTED 
BY THIS NORMALIZATION. 


OLLECTOR-EMITTER VOLTAGE 


Vce, COLLECTOR-EMITTER VOLTAGE (V) 
Voge, GATE-EMITTER VOLTAGE (V) 


TIME (is) 80 


FIGURE 15. NORMALIZED SWITCHING WAVEFORMS 
AT CONSTANT GATE CURRENT 


Test Circuit 


Ry = 132 


1/Rg = 1/Roen + Re 


ba | 


Ren = 1000 1 VcE(CLP) = 


300V 


Roe = 100Q 


FIGURE 16. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTP10N40C1D, HGTP10N40E1D, 
HGTP10N50C1D, HGTP10N50E1D 


10A, 400V and 500V N-Channel IGBTs 
with Anti-Parallel Ultrafast Diodes 


Features 

e 10A, 400V and 500V 

° Vce(on): 2.5V Max. 

* Tract: 1S, 0.5us 

e Low On-State Voltage 


¢ High Input Impedance 
e Anti-Parallel Diode 


Applications 

e Power Supplies 

¢ Motor Drives 

¢ Protective Circuits 


Description 


The HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, 
and HGTP1ON50E1D are n-channel enhancement-mode 
insulated gate bipolar transistors (IGBTs) designed for high 
voltage, low on-dissipation applications such as switching reg- 
ulators and motor drivers. They feature a discrete anti-parallel 
diode that shunts current around the IGBT in the reverse 
direction without introducing carriers into the depletion region. 
These types can be operated directly from low power inte- 
grated circuits. 


PACKAGING AVAILABILITY 


[PARTNUMBER | PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


CONSCIOMEMMG! YOURS 50s 05 cc iwn neces ened REE Oen eRe he eR ee Voces 
Collector-Gate Voltage Age = IMO... sas ccswercsenseeesanneneasues Vocr 
SatG-El VONNOS oid cigece wd eda severe avordesiesé st araaaees ees VGE 
Collector Current Continuous at To = +25°C ... 1. eee ee eee loos 
at To MAO t.2%dctnbs doeteswmseniadas logo 
Power Dissipation Total at To] 425°C 2.46 ccsccvancseecsvevavceesnues Pp 
Power Dissipation Derating To > +25°C 2... eee eee eens 
Operating and Storage Junction Temperature Range............... Ty, Tstg 


Fast Switching Speeds (FLANGE) OR 


Package 


JEDEC TO-220AB 


EMITTER 
COLLECTOR 
GATE 


GE) 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 


Cc 


HGTP10N40C1D HGTP10N50C1D 
HGTP10N40E1D HGTP10N50E1D 
400 500 V 
400 500 V 
+20 +20 V 
7s 17.5 A 
10 10 
75 75 WwW 
0.6 0.6 
-55 to +150 -55 to +150 mi 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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Specifications HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C 1D, HGTP10N50E1D 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage Io = 1MA, Vee = 0 4 
Gate Threshold Voltage Voce = Voce, lc = 1MA 2.0 


Zero Gate Voltage Collector Current ICES Vog = 400V, To = +25°C 
VcE = 500V, To = 425°C 


LIMITS 


HGTP10N40C1D, HGTP10N50C1D, 
HGTP10N40E1D HGTP10N50E1D 


UNITS 


5 


re) 
EE 
= 
on 


Nh 
o1 


= 
Voe = 400V, To = +125°C a 
Voce = 500V To +125°C 
Gate-Emitter Leakage Current Voe = t20V, Vcg = 0 


Collector-Emitter On Voltage VcEON) | !co = 10A, Vee = 10V 
Ico = 17.5A, Veg = 20V 


Gate-Emitter Plateau Voltage Io = 5A, Voge = 10V 


1000 


6 (Typ) 


19 (Typ) 


6 (Typ 


od 
ho 


V 
V 
pA 
pA 
yA 
LA 
nA 
V 
V 
V 

C 


Typ n 


On-State Gate Charge Io = 5A, Voge = 10V } 19 (Typ), 
Turn-On Delay Time Io= 10A, Voeicip) = 300V, | 50 | 
L = 50yH, Ty = +100°C, 


Turn-Off Delay Time 
try 


uo 
i=) 


Rise Time 


Oo 


Fall Time 


40E1D, 50E1D 


40C1D, 50C1D 


S 
3 
S 
5 


) 


oe, 


4.5 

250 

100 

25 

3.2 

) 

= [= 

[= 

680 (Typ)| 1000 | 680(Typ)} 1000 _ 
= 


Tum-Off Energy Loss per Cycle (Off 
Switching Dissipation = 
Worr X Frequency) 


lo = 10A, VcE(CLP) = 300V, 
L = 50pnH, Ty = +100°C, 
Voce = 10V, Rg = 502 
40E1D, 50E1D 1810 (Typ) 


4001D, 50C1D 


J 


1070 (Typ) 


als 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 
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2 
m 
io] 


HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D 


Typical Performance Curves 


Icg, COLLECTOR CURRENT (A) 


20.0 


0 
-75 -50 -25 O +25 +50 +75 +100 +125 +150 +175 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 50Q, 


NORMALIZED GATE THRESHOLD VOLTAGE 


Voce = OV ARE THE MIN. ALLOWABLE VALUES 


-50 0 +50 +100 +150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD 


Ice, COLLECTOR CURRENT (A) 


VOLTAGE vs JUNCTION TEMPERATURE 


To = +25°C 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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RATED POWER DISSIPATION (%) 


0 +25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) 


FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERAT- 
ING CURVE 


PULSE TEST, Veg = 10V 
PULSE DURATION = 80s 
DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 


Vge, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 


PULSE TEST, Vgg = 10V 
PULSE DURATION = 801s 
DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 


VcE(on), COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 6. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 


HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D 


Typical Performance Curves (Continued) 


C, CAPACITANCE (pF) 


20 30 40 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE 


400 
Ic = 20A, Vg = 10V, Vo, = 300V 
L =25pH, Rg = 252 


TporR TURN OFF DELAY TIME (ns) 


+50 +75 +100 +125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME 


800 


tr, FALL TIME (ns) 


+50 +75 +100 


+125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 11. TYPICAL FALL TIME (Ic = 5A) 


3-23 


Vce(on), COLLECTOR-EMITTER ON VOLTAGE (V) 


te), FALL TIME (ns) 


Io = 10A, Vgg = 10V 


Io = 5A, Vge = 10V 


a Secee amai Maan Aan 
ssoL__|__e=54Vor=t5v_ 0 TT 
0 


+25 +5 +75 +100 +125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. TYPICAL Vcg;on) vs TEMPERATURE 


2 
a 
Oo 


oA Sa 
DRS 


800 


_ 


ts 


= 
40C1/50C1 


+75 
Ty, JUNCTION TEMPERATURE (°C) 


+100 +125 


FIGURE 12. TYPICAL FALL TIME (Ic = 10A) 


HGTP10N40C1D, HGTP10N40E1D, HGTP10N50C1D, HGTP10N50E1D 
Typical Performance Curves (continued) 
™ -\ 1+ antl 3 an 


375 
VOLTAGE ("== 
<9 amma 


A 


/\ EXCESS OF 3mA. Vcg TURN-OFF IS i | 
NOT ACCURATELY REPRESENTED 
125 IN BY THIS NORMALIZATION. 


OLLECTOR-EMITTER VOLTAGE A\ 
\ 


—_ 


Le 
—_— — 
nee 


Worr, TURN-OFF ENERGY LOSS (J) 
Voce, COLLECTOR-EMITTER VOLTAGE (V) 
a 
° 
Voge, GATE-EMITTER VOLTAGE (V) 


+25 +50 +75 +100 +125 +150 IG(REF) IG(REF) 
20 TIME (us) 80 ———_ 
Ty, JUNCTION TEMPERATURE (°C) Ig(act) Ig(act) 
FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 
SWITCHING LOSS/CYCLE STANT GATE CURRENT. (REFER TO APPLICA- 


TION NOTES AN7254 AND AN7260) 


100 


TYPICAL DIODE ON VOLTAGE TYPICAL REVERSE RECOVERY TIME 


10 
Ty = +150°C 


ue a ea a oe os oe 


Ty = +100°C 


Vp = 30V, Ty = +25°C 


| 
vaner: 


lec, EMITTER-COLLECTOR CURRENT (A) 
tar, REVERSE RECOVERY TIME (ns) 


0.1 


0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 0 2 4 6 8 10 12 14 16 #18 #20 


Vec, EMITTER-COLLECTOR (V) lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 15. TYPICAL DIODE EMITTER-TO-COLLECTOR FIGURE 16. TYPICAL DIODE REVERSE-RECOVERY TIME FOR 
VOLTAGE vs CURRENT FOR ALL TYPES ALL TYPES 
Test Circuit 
Ry = 132 


Rg = 1/Roen + W/Ree 
SSS = 5 
I 


Reen = 1002 


VcE(CLP)= 
300V 


Reg = 1002 


FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 


e 10A, 400V and 500V 

e Latch Free Operation 

¢ Typical Fall Time < 1.4us 
e High Input Impedance 

e Low Conduction Loss 

e Anti-Parallel Diode 

° tar < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device combin- 
ing the best features of MOSFETs and bipolar transistors. The 


HGTP10N40F1D, 
HGTP10N50F1D 


10A, 400V and 500V N-Channel IGBTs 
with Anti-Parallel Ultrafast Diodes 


Package 
JEDEC TO-220AB 
EMITTER 
COLLECTOR 
LF GATE 
COLLECTOR KoS 
(FLANGE) 


\S 


“<S 


device has the high input impedance of a MOSFET and the low | Terminal Diagram 
on-state conduction loss of a bipolar transistor. The much lower N-CHANNEL ENHANCEMENT MODE 
on-state voltage drop varies only moderately between +25°C " a 
and +150°C. The diode used in parallel with the IGBT is an c - 
ultrafast (tar < 60ns) with soft recovery characteristic. O 
IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are G 
essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 
PACKAGING AVAILABILITY : 
PARTNUMBER | PACKAGE | BRAND 
HGTP10N40F1D TO-220AB 10N40F1D 
HGTP10N50F1D TO-220AB 10N50F1D 
NOTE: When ordering, use the entire part number 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
HGTP10N40F1D HGTP10N50F1D UNITS 
CONBCOI-EMNG! VONEGS «co ois chien rade eae eneqeeces bees Bene odes BVceEs 400 500 V 
Collector-Gate Voltage Reg = 1MQ.... eee eee ee ee ees BVcear 400 500 V 
Collector Current Continuous at TG =+25°C 1... eee ee eee loos 12 12 A 
BUT 2900S oc cin ane ssreeanedcnnenss logo 10 10 A 

Collector Current Pulsed (Note 1) .. 2... 2... ... cee eee lom 12 12 A 
Gate-Enitter Voliage Coninuoue. .2.ciscasecsencusxecegewae es cka wes VoeEs +20 +20 V 
Diode Forward Current at To =+25°C 0... cee eee lros 16 16 A 

OTe BIO co ncsecteusaunreeecivecwavaen F90 10 10 A 
Power Dissipation Total at To =+25°C .iccasccsstccnsiaascusnssavauss Pp 75 75 W 
Power Dissipation Derating To > +25°C 201. ects 0.6 0.6 WwPC 
Operating and Storage Junction Temperature Range............... Ty, Tste -55 to +150 -55 to +150 °C 
Maximum Lead Temperature for Soldering ............... 0 cee ee eeeeee TL 260 260 a 2 


NOTE: 
1. Tj =+150°C, Min. Reg = 252 without latch. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


4,364,073 4,417,385 4,430,792 4,443,931 
4,587,713 4,598,461 4,605,948 4,618,872 
4,641,162 4,644,637 4,682,195 4,684,413 
4,794,432 4,801,986 4,803,533 4,809,045 
4,860,080 4,883,767 4,888,627 4,890,143 
4,969,027 
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4,466,176 4,516,143 4,532,534 4,567,641 
4,620,211 4,631,564 4,639,754 4,639,762 
4,694,313 4,717,679 4,743,952 4,783,690 
4,809,047 4,810,665 4,823,176 4,837,606 
4,901,127 4,904,609 4,933,740 4,963,951 

File Number 2751.2 


Specifications HGTP10N40F1D, HGTP10N50F1D 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown lo = 1.25mA, Veg = OV 
Voltage 
Zero Gate Voltage Collector loes 


Gate-Emitter Leakage Current Voge = +20V, Vog = OV 


Collector-Emitter On-Voltage Voeion) | Ty = +150°C, Io = 5A, Vge = 10V 
Ty = +25°C, Io = 5A, Veg = 15V 
5 (hm 


LIMITS 
HGTP10N40F1D | HGTP10N50F1D 


UNITS 


500 
2.0 


4 


3 


1.25 
100 


mA 


25 


— 
i 
a 
100 


-_- 
ed ed 
NS) Dw) 


: 45 (Typ) 
° Voce = 400V, Ry = 80Q, 
Turn-Off Delay Time Re = 252 130 (Typ) 
Fall Time 1400 (Typ) 
Turn-Off Energy Loss Per Cycle Worr 0.64 (Typ) 


(Off Switching Dissipation = Worr x 
Frequency) 


Turn-Off Delay Time Inductive Load (See Figure 13), 
: Ic = 5A, V = 400V, R, = 
Fall Tim t : CL) Al 
800, L=50iN, T= +150°C, Vog= 


Turn-Off Energy Loss Per Cycle Worr 10V, Re = 252 


Ee LS 

Ld Ls 

(Off Switching Dissipation = Worr x | # 
ee ee 


Thermal Resistance Junction-to- 
Case (IGBT) 


Frequency) 
Thermal Resistance of Diode 


lec = 10A, dl_ec/dt = 100A/ys 


Diode Forward Voltage 
Diode Reverse Recovery Time 


Typical Performance Curves 


(2) Oo 


—i MO 
Ni oO 
< 


12 
PULSE TEST, Vcg = 10V 
PULSE DURATION = 250us 


10 9 
DUTY CYCLE < 2% PULSE DURATION = 250ys 


DUTY CYCLE < 0.5% 
To = +25°C 


4 Tc = -55°C 


Tc = +25°C 


Ice, COLLECTOR-EMITTER CURRENT (A) 
ro) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Voge, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 
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HGTP10N40F1D, HGTP10N50F1D 


Typical Performance Curves (Continued) 


Ty = +150°C 


Vce(ony SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE3. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT (TYPICAL) 


1000 


> @ © 
=) S S 


C, CAPACITANCE (pF) 


3 


ft 
St 
I 
SS 


5 10 15 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) 


Ty = +150°C, Voge = 10V 
Rg = 259, L = 50uH 


tr), FALL TIME (us) 


1 
log, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT 
(TYPICAL) 
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I¢g, DC COLLECTOR CURRENT (A) 


+125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. DC COLLECTOR CURRENT vs CASE 
TEMPERATURE 


2 
fea] 
o 


Vee = 15V, Rg = 502 
Vee = 10V, Rg = 502 
Voe = 15V, Rg = 252 
Voge = 10V, Rg = 252 


toyorry, TURN-OFF DELAY (us) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 
CURRENT (TYPICAL) 


Ty = +1 50°C, VcE = 10V 
Rg = 250, L = 50H 


eel 
TET vey TTT 


Worf, TURN-OFF SWITCHING LOSS (mJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT (TYPICAL) 


HGTP10N40F1D, HGTP10N50F1D 


Typical Performance Curves (Continued) 


Voce, GATE-EMITTER VOLTAGE (V) 


¥ 4000 
4 Ty = +150°C, Tg = +100°C, Vge = 10V 10 
ai o) Ver = 10V 
= < 
S a 
x sis fuax1 = 9-05/tpoFF)I = 
g er (Pp - Pc/Worr & 
E E 
= 2 5 
Ww 
rm c 
Oo 10 9 
= o 0.75 BVcgs 0.75 BVcEs 
5 a i 0.50 BVces 0.50 BVces 
ES el 0.25 BVces 0.25 BVceEs 
a | O 
mS > 
0 0 
were Ice, COLLECTOR-EMITTER CURRENT (A) lerewes Lapmaies 
Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION | TIME (11s) 80 
G(ACT) G(ACT) 
FIGURE 9. MAXIMUM OPERATING FREQUENCY vs COLLECTOR FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CURRENT AND VOLTAGE (TYPICAL) CONSTANT GATE CURRENT 


100 


digc/dt > 100A/us 


io) 
Ty = +150°C Va = 30V, Ty = +25°C 


60 


= oo 
10 Ty =+100°C os 


0 2 4 6 8 10 12 14 416 


40 


30 


20 


Ty = +25°C 


Ty= -50°C 


tar, REVERSE RECOVERY TIME (ns) 


10 


lec, EMITTER-COLLECTOR CURRENT (A) 


0.1 
04 0.6 0.8 1.0 12 1.4 1.6 18 2.0 
Vec, EMITTER-COLLECTOR VOLTAGE (V) lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 11. TYPICAL FORWARD VOLTAGE FIGURE 12. TYPICAL REVERSE RECOVERY TIME 


Test Circuit 


1/Reg = 1/Roen + 1/Ree 


Roe = 50Q 


FIGURE 13. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTD10N40F1, HGTD10N40F1S, 


Gg FARRIS 
HGTD10N50F1, HGTD10N50F1S 


SEMICONDUCTOR 


10A, 400V and 500V N-Channel IGBTs 


April 1995 


Features 


10A, 400V and 500V 
VcE(ON) 2.5V Max. 
TFALL <1.4us 


Packages 


HGTD10N40F1, HGTD10N50F1 
JEDEC TO-251AA 


EMITTER 
: COLLECTOR 


Low On-State Voltage 


Fast Switching Speeds COLLECTOR 


(FLANGE) 


High Input Impedance 


Applications 
HGTD10N40F1S, HGTD10N50F1S 


¢ Power Supplies JEDEC TO-252AA 


e Motor Drives 


COLLECTOR 


¢ Protective Circuits 
™~ (FLANGE) 


Description 


The HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, and 
HGTD10ON50F1S are n-channel enhancement-mode insu- 
lated gate bipolar transistors (IGBTs) designed for high volt- 
age, low on-dissipation applications such as_ switching 
regulators and motor drivers. These types can be operated | Terminal Diagram 
directly from low power integrated circuits. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND Cc 
HGTD10N40F1 TO-251AA G10N40 
HGTD10N50F1 TO-251AA G10N50 


2 
fea) 
So 


N-CHANNEL ENHANCEMENT MODE 


HGTD10N40F1S TO-252AA G10N40 
HGTD10N50F1S TO-252AA G10N50 


NOTE: When ordering, use the entire part number. Add the suffix 9A to 
obtain the TO-252AA variant in the tape and reel, i.e., HGTD1ON40F19A. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


HGTD10N40F1 HGTD10N50F1 
HGTD10N40F1S HGTD1ION50F1S UNITS 


Collector-Emitter Voltage 
Collector-Gate Voltage Reg = 1MQ 
Gate-Emitter Voltage 
Collector Current Continuous at To = +25°C 
at To = +90°C 
Power Dissipation Total at To = +25°C 
Power Dissipation Derating Tg > +25°C 
Operating and Storage Junction Temperature Range 


400 
400 
+20 
12 
10 
75 
0.6 


-55 to +150 


500 
500 
+20 
12 
10 
75 
0.6 


-55 to +150 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


File Number 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 
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Specifications HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD10N50F1S 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


HGTD10N40F1 HGTD10N50F1 
HGTD10N40F1S | HGTD10ON50F1S 
TEST CONDITIONS 
2 


Ele 
VeetH) | Vae= Vce: lc = 1mA 


VcE(ON) Ty m +150°C, lo = 5A, VoE = 10V 


Lo. 
<a 
z= 
T) = +150°C, Io = 5A, Veg = 15V — 
— 
me 


PARAMETERS SYMBOL 


Collector-Emitter Breakdown BVces 
Voltage 


Gate Threshold Voltage 


UNITS 


- 
uo 
> 
on 


Zero Gate Voltage Collector 25 
Current 
Gate-Emitter Leakage Current 10 n 


Collector-Emitter On-Voltage 


ine) 
o 


ine) 
Nh 


0 
0 


Ty = +25°C, lo = 5A, VGE = 10V 


ty = +25°C, lo = 5A, VoE = 15V 


nN 
on 


ine) 
ine) 


Gate-Emitter Plateau Voltage Io = 5A, Veg = 10V 5.3 (Typ) 

On-State Gate Charge Io = 5A, Vog = 10V 13.4 (Typ) 

Turn-On Delay Time Resistive Load, Ic = 5A, 45 (Typ) 

Rise Time al abientet dk ahaa 35 (Typ) | 

FRiseTime | = 4150°C, Vg = 10, yp 

Turn-Off Delay Time Rg = 252 130 (Typ) 

Fall Time 1400 (Typ) 

Turn-Off Energy Loss Per Cycle Worr 0.64 (Typ) 


(Off Switching Dissipation = Worr x 
Frequency) 


Turn-Off Delay Time to(OFF) 
Fall Time try 


Turn-Off Energy Loss Per Cycle Worr 
(Off Switching Dissipation = Worr x 
Frequency) 


Thermal Resistance Junction-to- Rec 
Case (IGBT) 


Typical Performance Curves 


Inductive Load (See Figure 11), 
R, = 80Q, L = 50uH, Ty = +150°C, 
Voge = 10V, Re = 252 


12 
PULSE TEST, Voce = 10V 
PULSE DURATION = 250s 


10 9 
DUTY CYCLE < 2% PULSE DURATION = 2501s 


DUTY CYCLE < 0.5% 
Tc = +25°C 
Te =-55°C 


Tc = +25°C 


To = +150°C 


Ice, COLLECTOR-EMITTER CURRENT (A) 
ro) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Vge, GATE-TO-EMITTER VOLTAGE (V) Ve, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TYPICAL TRANSFER CHARACTERISTICS FIGURE 2. TYPICAL SATURATION CHARACTERISTICS 
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HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD10N50F1S 


Typical Performance Curves (Continued) 


Ty = +1 50°C 


VcE(ony SATURATION VOLTAGE (V) 
Le) 


Icg, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. SATURATION VOLTAGE vs COLLECTOR-EMITTER 


CURRENT (TYPICAL) 
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Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE (TYPICAL) 
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FIGURE 7. FALL TIME vs COLLECTOR-TO-EMITTER CURRENT 
(TYPICAL) 
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log, DC COLLECTOR CURRENT (A) 


+100 +125 
Tc, CASE TEMPERATURE (°C) 


FIGURE 4. DC COLLECTOR CURRENT vs CASE 
TEMPERATURE 


Ty +150°C, Vog = 400V 
L = 50uH 
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Vee = 15V, Rg = 50Q 
Vee = 10V, Rg = 502 
Voe = 15V, Rg = 252 
Voge = 10V, Rg = 252 ~ 


tp(OFF)I- TURN-OFF DELAY (us) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 6. TURN-OFF DELAY vs COLLECTOR-TO-EMITTER 
CURRENT (TYPICAL) 


T, = +150°C. Vee = 10V a 
ie die Be tee ee 


Worr, TURN-OFF SWITCHING LOSS (mJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT (TYPICAL) 


HGTD10N40F1, HGTD10N40F1S, HGTD10N50F1, HGTD10N50F1S 


Typical Performance Curves (Continued) 
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Ty = +1 50°C, Tc= +100°C, Voce = 10V 
Rg = 259, PT = 75W, L = 50,1H 
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Voce, COLLECTOR-EMITTER VOLTAGE (V) 
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———— 0.75 BVces 0.75 BVces 
Rane eh ‘i as 0.50 BVces 0.50 BVces 
es es vk 0.25 BVcgs 0.25 BVcgs 
»L_ | TPT tT TT 
1 10 100 0 
Ice, COLLECTOR-EMITTER CURRENT (A) 
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FIGURE 9. MAXIMUM OPERATING FREQUENCY vsCOLLECTOR FIGURE 10. NORMALIZED SWITCHING WAVEFORMS AT 
CURRENT AND VOLTAGE (TYPICAL) CONSTANT GATE CURRENT 


Test Circuit 
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Rg = 1/Roen + 1/Roe 
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FIGURE 11. INDUCTIVE SWITCHING TEST CIRCUIT 
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Vge, GATE-EMITTER VOLTAGE (V) 


HGTH12N40C 1D, HGTH12N40E1D, 
HGTH12N50C 1D, HGTH12N50E1D 


12A, 400V and 500V N-Channel IGBTs 
with Anti-Parallel Ultrafast Diodes 


FARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 


e 12A, 400V and 500V 
° VcE(ON): 2.5V Max. 


Package 
JEDEC TO-218AC 


EMITTER 
COLLECTOR 
GATE 


e TFaALL: tus, 0.5us 
e Low On-State Voltage 


¢ Fast Switching Speeds 


COLLECTOR 


¢ High Input Impedance (FLANGE) 


e Anti-Parallel Diode 


Applications 


e Power Supplies ; , 
Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
Cc 


e Motor Drives 
e Protective Circuits 


Description 


The HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, 

and HGTH12N50E1D are n-channel enhancement-mode G 
insulated gate bipolar transistors (IGBTs) designed for high 

voltage, low on-dissipation applications such as switching 

regulators and motor drivers. They feature a discrete anti- E 
parallel diode that shunts current around the IGBT in the 

reverse direction without introducing carriers into the 

depletion region. These types can be operated directly from 

low power integrated circuits. 


PACKAGING AVAILABILITY 


[PARTNOWEER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number 


2 
m 
C, 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Copyright © Harris Corporation 1995 


HGTH12N40C1D HGTH12N50C1D 
HGTH12N40E1D HGTH12N50E1D UNITS 
LIOHOCIOM-ETIGr VONOOG oni ee vpanvenes en ene Wiebe ne RvR eo kee wees Voces 400 500 V 
Collector-Gate Voltage Reg = 1MQ.. 1... eee eee eee Voar 400 500 V 
Pee! YOUNG 2s cary owed deren eee stae Rients heen seen s Kens VGE +20 +20 V 
Collector Current Conminuous: <sscccccmassetiseeeeeieueioeens reiaasan lo 12 12 A 
ONGGIOl GUNG PUGGS was cee cdr eck ooen ewe Oak RE KH RET HEE HEWES lom 17.5 17.5 A 
Power Dissipation Total at To = +25°C «0... cece cee ees Pp 75 75 W 
Power Dissipation Derating To > +25°C 2... cc cee eee 0.6 0.6 w/c 
Operating and Storage Junction Temperature Range............... Ty, Tste -55 to +150 -55 to +150 "6 
HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 
4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2273.3 


Specifications HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C 1D, HGTH12N50E1D © 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage Ico = 1mMA, Vee = 0 
Gate Threshold Voltage VGE(TH) Voce = Voce, lo = 1mA 


Zero Gate Voltage Collector Current Ices Vog = 400V, To = +25°C 
VcE = 500V, To = +25°C 


LIMITS 


HGTH12N40C1D, HGTH12N50C1D, 
HGTH12N40E1D HGTH12N50E1D 


UNITS 


= 


PPP ]a 


Voce = 400V, Tc = +125°C 
Voge = 500V, To = +125°C 
Gate-Emitter Leakage Current IGEs Voge = t20V, Vcg = 0 


Collector-Emitter On Voltage VcEON) | !c = 10A, Vee = 10V 
Ico = 17.5A, Veg = 20V 


Gate-Emitter Plateau Voltage VGeEP Io = 5A, Voge = 10V 
On-State Gate Charge Ico = 5A, Voge = 10V 
Turn-On Delay Time Io = 10A, VcE(cLp) = 300V, 
L = 50pH, Ty = +100°C, 
(Note 9) 
Turn-Off Delay Time 
(Typ) yP) 


Fall Time te 
400 400 
(Typ) (Typ) 
Worr lo = 10A, VcE(CLP) = 300V, 
L = 50H, T, = +100°C, 
Voe = 10V, Rg = 50Q 
1810 (Typ) 
40C1D, 50C1D 1070 (Typ) 


| 


Diode Reverse Recovery Time lec = 10A, dle -/dt = 
100A/us 


—_ 
oO 
oO 
=) 

> 


6 (Typ) V 


19 (Typ) 19 (Typ) nc 


on 
© 


oO 


400 


40E1D, 50E1D 680 680 1000 


250 
6 (Typ) 


40C01D, 50C1D 


1) 
3} <|< < 


Tum-Off Energy Loss per Cycle 
(Off Switching Dissipation = Worr X 
Frequency) 


40E1D, 50E1D 
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HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D 


Typical Performance Curves 
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FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 502, 
Vge = OV ARE THE MIN. ALLOWABLE VALUES 


T y, JUNCTION TEMPERATURE 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD 


log, COLLECTOR CURRENT (A) 


VOLTAGE vs JUNCTION TEMPERATURE 
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Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 


% OF RATED POWER DISSIPATION 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERAT- 
ING CURVE 


PULSE TEST 
PULSE DURATION = 80us 
DUTY CYCLE = 0.5% MAX. 


2 
ea) 
So 


Icg, COLLECTOR CURRENT (A) 


Voge, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 


PULSE TEST 
PULSE DURATION = 80us 
DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 


VcE(on)» COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 6. TYPICAL COLLECTOR-TO-EMITTER ON VOLTAGE 
vs COLLECTOR CURRENT 


HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D 


Typical Performance Curves (continued) 
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Io = 5A, Vgg = 15V 
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FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER FIGURE 8. TYPICAL VcgE(on) Vs TEMPERATURE 
VOLTAGE 


Ic = 10A, Vge = 10V, Vo, = 300V 
L = 50u1H, Rg = 502 


tororry» TURN OFF DELAY TIME (ns) 
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Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME FIGURE 10. TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


Ic = 5A, Vgg = 10V, Vo, = 300V 
L = 50uH, Rg = 502 


Ic = 10A, Vgg = 10V, Vo, = 300V 
L = 50H, Rg = 502 
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FIGURE 11. TYPICAL FALL TIME (Ic = 5A) FIGURE 12. TYPICAL FALL TIME (Ic = 10A) 
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HGTH12N40C1D, HGTH12N40E1D, HGTH12N50C1D, HGTH12N50E1D 


Typical Performance Curves (Continued) 
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BY THIS NORMALIZATION. 
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FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 
SWITCHING LOSS/CYCLE STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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VOLTAGE vs CURRENT 


Test Circuit 


Ry, = 130 


V o—_ 
1/Rg = = 1I/Roen + VRE cc == 130V 


Roen = 1002 : 


VcE(CLP) = 
300V 


Reg = 1002 


reff, Ff ee = = = 


FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUIT 
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HARRIS 


SEMICONDUCTOR 


HGTP12N60D1 


12A, 600V N-Channel IGBT 


uD 


April 1995 
Features Package 
° 12A, 600V JEDEC TO-220AB 
e Latch Free Operation EMITTER 


¢ Typical Fall Time <500ns 


¢ High Input Impedance 
e Low Conduction Loss 


COLLECTOR 
(FLANGE) CSS 
LZ 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. Cc 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


The IGBTs are ideal for many high voltage switching applica- 

tions operating at frequencies where low conduction losses 

are essential, such as: AC and DC motor controls, power G 
supplies and drivers for solenoids, relays and contactors. 


PACKAGING AVAILABILITY E 


PART NUMBER ) PACKAGE BRAND 
HGTP12N60D1__—|_TO-220AB G12N60D1 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


HGTP12N60D1 UNITS 

COSGIOY-Erniter VOUBGG .é260dns 04 6s oe x awed ones CASE RE REVERED OO TREES BVcEs 600 V 
Collector-Gate Voltage Ree = 1M . isis cece esaseuseessa ences esseniane BVcer 600 V 
Collector Current Continuous at To = +25°C ... 1... eee loos 21 A 

at VGE = 15V at Tc S4O0PS on cuwhewse vas eeon nea logo 12 A 
Collector Current Pulsed (Note 1) i ccs ncccesce a cee werent ek eke eesaeeinewans lom 48 A 
Gate-Emitter Voltage Continuous. ........ 0... cece cee ee eee tenes VoEs +25 V 
Switching Safe Operating Area at Ty = +150°C... 0... eee eee SSOA 30A at 0.8 BVcEs . 
Power Dissipation Total at To = +25°C 0... cece eee eee Pp 75 Ww 
Power Dissipation Derating To > +25°C 6... cece ene ene ene 0.6 wc 
Operating and Storage Junction Temperature Range..................... Ty, Tstg -55 to +150 “C 
Maximum Lead Temperature for Soldering .............. cece eee ee eee ee eens TL 260 * 
NOTE: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


Copyright © Harris Corporation 1995 3.38 


File Number 2830.3 


Specifications HGTP12N60D1 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


Collector-Emitter Breakdown Voltage Io = 250A, Veg = OV 


Voce = 0.5 BVces To = +125°C 


Voeisat) | Ic =!c90, Vae= 15V_ | To = +25°C 
To = +125°C 


Gate-Emitter Threshold Voltage Io = 250uA, Vog = Vee, Te = +25°C 
Gate-Emitter Leakage Current | Ices | Voge = +20V = 
Gate-Emitter Plateau Voltage lc =Ic90, Vee = 0.5 BVceEs | os | 


TEST CONDITIONS TY 


Collector-Emitter Leakage Voltage 


Collector-Emitter Saturation Voltage 


2 


N ca 
ine) ol 


4 
7 


On-State Gate Charge Qeion) lo = logo; VGE = 15V 
Voce = 0.5 BV 
CE CES Voge = 20V 
Current Turn-On Delay Time L = 500uH, Io = Iog9, Rg = 25Q, 
VGE = 15V, Ty = +150°C, 


Current Rise Time Voce = 0.8 BVceEs 


Current Turn-Off 


Current Fall Time 
Turn-Off Energy (Note 1) 


NOTE: 


1. Turn-off Energy Loss (Wor) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ice = 0A). The HGTP12N60D1 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 
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Typical Performance Curves 


PULSE DURATION = 250us 
DUTY CYCLE < 0.5% 
Vce = 10V 


To = +150°C 
To = +25°C 
To = -40°C 


20 


16 


12 


Voge = 6.5V 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


0 
0 2 4 6 8 10 0 1 2 3 4 5 
Voce, GATE-EMITTER VOLTAGE (V) Voge, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTP12N60D1 


Typical Performance Curves (Continued) 


Ice, DC COLLECTOR CURRENT (A) 


+25 +50 +75 +100 +125 +150 
Ty, CASE TEMPERATURE (°C) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE 


C, CAPACITANCE (pF) 


Vce, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 


VcE(ON)» SATURATION VOLTAGE (V) 
nN 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT 
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te, FALL TIME (ns) 


Veg = 480V, Veg = 10V AND 15V 
T, = +150°C, Reg = 25, L = 500uH 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


0.50 BVces 0.50 BVces 
0.25 BVces 0.25 BVceEs 
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Voce, GATE-EMITTER VOLTAGE (V) 


Ri = 60Q 
IG(REF) = 0.868mA 
Voge = 10V 
0 
Iq(rRE Iq(RE 
—< TIME (us) o—— 
Ig(act) Ig(act) 


FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT. (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
EMITTER CURRENT 


HGTP12N60D1 


Typical Performance Curves (Continued) 
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Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


ese 


fax2 = (Pp - Pc)/Worr 


10 Pc = DUTY FACTOR = 50% 
Royc = 1.67°C/W — 
Sa 
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Voce = 480V, Vege = 10V AND 15V ii 


Vog = 240V, Vg = 10V AND 15V 
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NOTE: Ice, COLLECTOR-EMITTER eosneen (A) 
Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


fop, OPERATING FREQUENCY (kHz) 


30 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg¢) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fryax, OF 
fwax2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMax is defined by fMaAx4 = 0.05/tp(OFF)I- tD(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tp(orr)! iS defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tymax- tp(orr) is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxea is defined by fyaxe = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rejc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Pc = (Vce ® Ice)/2. Wore is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Icg = 0A). 


The switching power loss (Figure 10) is defined as fyya~xo © 
Worr- Tum-on switching losses are not included because they 
can be greatly influenced by extemal circuit conditions and com- 
ponents. 
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HGTB12N60D1C 


12A, 600V Current Sensing N-Channel IGBT 


Ga HARRIS 


SEMICONDUCTOR 


April 1995 


Features Package 


JEDEC TS-001AA (5 LEAD TO-220) 


Polysilicon MOS Gate - Voltage Controlled Turn On/Off 
High Current Handling at +100°C. ............0c eee e eee 
Current Sensing Pilot 


Description 


The HGTB12N60D1C Insulated-Gate Bipolar Transistor is a MOS-gate 
tum on/off power switching device combining the best advantages of 
power MOSFETs and bipolar transistors, and current sensing pilots. The 
result is a device that has the high input impedance of MOSFETs and the : - 
low on-state conduction losses similar to bipolar transistors. The device Terminal Diagr. am 

design and gate characteristics of the IGBT are also similar to power MOS- N-CHANNEL ENHANCEMENT MODE 
FETs. An important difference is the equivalent tpg@ny drain resistance c 

which is modulated to a low value (ten times lower) when the gate is tumed 

on. The much lower on-state voltage drop also varies only moderately 

between +25°C and +150°C, offering extended power handling capability. 


COLLECTOR 
(FLANGE) 


1 - GATE 

2 - SENSE 

3 - COLLECTOR 

4- re EMITTER 
5 - EMITTER 


The IGBT is ideal for many high-voltage switching applications operating at 
low frequencies and where low conduction losses are essential, such as 
AC and DC motor controls, power supplies and drivers for solenoids, 
relays and contactors. 


PACKAGING AVAILABILITY 


PARTNUMBER | PACKAGE | BRAND 
HGTB12N60D1C TS-001AA 12N60D1C 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
HGTB12N60D1C UNITS 

Colector-Enitter Votege Vee SON) os csctr an etad sees eces dead week eter end sues 600 
Collector-Gate Voltage (Rge'= 1MQ)...csccsecccasneseusewereseseaeanevanaues 600 
Collector Current Continuous at To = +100°C.. 2... cee eens 12 

at To as ca Khanna ew wes GbE ade ka OER Seed eeees 18 
Colector Cunent POGEG (NO 1) ccs cccark es eens Ot Rb 696 dHE REESE RRR OE RERE 40 
RAGIS-ESNO? VOURGGS cease wien ene KEE ROK ERS OEE E EA OER RASHES ERR ROE +25 
Power Dissipation Total at To = +25°C 20... cece tenes 75 
Power Dissipation Derating To > +25°C 2... cece tee teenies 0.6 
Operating and Storage Junction Temperature Range ................20 eee eee -55 to +150 
Thermal Resistance, JUNCUION 10 CaSO, «0 6 ccaceceotaneue nee dean essa esenpa’ 1.67 
Maximum Lead Temperature for Soldering ........ 0.0... cece cece eee eee eens 260 

(1/8 inch from case for 5s) 


NOTE: 1. Repetitive Rating: Pulse width limited by maximum junction temperature. Gate control turn-off not allowed above 50A. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


File Number 2326.3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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Specifications HGTB12N60D1C 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS TYP UNITS 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage Io = 25pA, Veg = OV 


Ices To = +25°C, VGE a OV, 
Voce = Maximum Rating 
Tc = +150°C, VGE = OV, 
Voce = Maximum Rating x 0.8 (Note 1) 


Gate-Emitter Leakage Current Voge = +20V 
To = +25°C 


ON CHARACTERISTICS (Note 2) 
VGE(TH) 
To = +150°C 


VCE(SAT) VGE = 15V, lo = 10A, To = +25°C 


Collector Cut-Off Current 


mA 


+500 nA 


a] + : 
or 
oO 


nm] pw 
oO; @ 


Gate Threshold Voltage 4 


2.7 


Ni 
oo re) 


Collector-Emitter Saturation Voltage 
VGE = 15V, lo = 10A, Te = +150°C 


VoGE = 10V, lo = 10A, To = 425°C 


DYNAMIC CHARACTERISTICS 


Input Capacitance Voe = OV, Veg = 25V, f = 1MHz 
Output Capacitance 
Reverse Transfer Capacitance 
SWITCHING CHARACTERISTICS (See Figures 8 and 9) (Note 2) 
Turn-On Delay Time 
Rise Time pth 

[torr 


Turn-Off Delay Time to(OFF) 


tr 
Turn-Off Delay Time Inductive Load, T, = +125°C, 
L= 45u1H, lo = 10A, VCE(CLAMP) = 500V, 
Fall Time Vee = 15V, Reon) = 502, 
R = 100Q 
Equivalent Fall Time UOPEY 
Turn-Off Switching Losses 


PILOT CHARACTERISTICS (Notes 2, 3 and 4) 


NOTES: 


1. Applies for 3.3°C per watt maximum thermal resistance, case-to-ambient. 
2. Pulse test: Pulse widths < 300us, duty cycle < 2%. 

3. Refer to Figure 10. 

4. When not in use connect S to emitter. 


1050 


340 


no) 


—_ 
Oo 
Tv T 


Resistive Load, T, = +125°C, 
Io = 10A, Veg = 500V, Veg = 15V, 


100 


100 


— 


—_ ne) 
on 
ook 
ine) 
)) ” ” ” n 


‘oil, 
oO 
= 


op) 
nN 
ro) 


Pilot-Emitter Kelvin Voltage Voge = 15Vpc, Rp = 2kQ 


Io =5A 1.25 


> 


2.06 


_* 
[°>) 
N 
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HGTB12N60D1C 


Typical Performance Curves 


25 


2 =z MAX. PULSE WIDTH = 300us 
= MAX. DUTY CYCLE = 2% = MAX. DUTY CYCLE = 2% 
Zz AX. PULSE WIDTH = 200s = 20 
x x 
c c 
= —] 
o O 15 
c 
& 5 /, 
5 EB Y, To = +150°C 
a 10 4 
5 5 ‘A 
AL H. 
x) S 5 
0 wat 
0 2 4 6 8 10 12 0 1 2 3 4 5 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) Vce(on)» COLLECTOR-EMITTER SATURATION VOLTAGE (V) 
FIGURE 1. TYPICAL OUTPUT CHARACTERISTICS FIGURE 2. TYPICAL COLLECTOR-EMITTER SATURATION 
VOLTAGE 
160 1.4 
14 1.2 BVces 
s) VcE(SAT) —_— 
° 
wy 12 © oh — ar AT 10A 
> 1. 
5 2 os 
z = a 
= 3 0.6 
3 “= z °°) [PARAMETER] CONDITIONS [25°C TYP. VALUE 
5 Ea 
= a a ere 
om = 
0.0 
-100 -50 0 +50 +100 +150 
Icg, DC COLLECTOR CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 3. MAXIMUM ALLOWABLE CASE TEMPERATURE vs FIGURE 4. TYPICAL TEMPERATURE DEPENDENCE OF 
DC COLLECTOR CURRENT PARAMETERS 
40 
s EERARERREERE 
: -¢ titi Titi ttt 
< 
= E 30 
g : EEE 
r INDUCTIVE OR RESISTIVE LOAD 
ui & Ty = +150°C, Reg = 1002 
a rs) 
= «c 20 
Lu 
E 5 
= Lu 
: eo ttt tt ttt 
5 © 10 
_ My 
oO 2 
i 
> 
0 
0 100 200 300 400 500 
eo, EMITTER CURRENT (A) Vce, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 5. TYPICAL EMITTER PILOT CHARACTERISTICS FIGURE 6. TURN-OFF SAFE OPERATING AREA 


2kQ PILOT RESISTOR 


HGTB12N60D1C 


Typical Performance Curves (continued) 


100 = —s 
50 | Sas see Ses eer ee 2: S eee & 
_~ oO 
© 20 L_ Z 2.00 
® a 
rf 10 -— g. 1.00 ee et!! pith 
= 5.0 ETE ST fal 4 oN a Hh 
en EET SiN RF BS < o40cle a i iaiitiomemmattti 
rs NS = oer ree Balin 
5 oof LI SSA F020 
an af RS | | 
Bot | ITM | TNS uN F ee 
4 1.0 |-——}—_+_+-+-+-+-+ be: pg 5 0.10 Fame 1+ 109 aa sects 
re) SINGLE ===. : wl SH HH ; 
= 0.5 al = Coo SS Z 0.04 iN a ic teatime 
[S) a 
~ p21 ACH cot | Nit00m E hoe WU TIC 
° DC ro 
. Coin Econ Or ee 
10 20 100 200 500 10°5 104 10° 10°? 10° 1 
e stieanees VOLTAGE (V) tp, PULSE WIDTH (s) 
FIGURE 7. TURN-ON SAFE OPERATING AREA FIGURE 8. MAXIMUM TRANSIENT THERMAL IMPEDANCE 


Test Circuits and Waveforms 


ne 
co 
9 


PULSE 
GENERATOR 
Roen = 500 


S1 SWITCH POSITION 1 CLAMPED INDUCTIVE LOAD 
2 RESISTIVE LOAD 


Reon) = (Roen + RsXRoe) pyuLSE WIDTH 60us Vcc RESISTIVE LOAD INDUCTIVE LOAD 
Roen + Rs + Ree 
Lele maximum» PULSE WIDTH (WAVEFORMS NOT TO SCALE) 
FIGURE 9. BASIC SWITCHING TEST CIRCUIT FIGURE 10. SWITCHING WAVEFORMS 
LOAD 


Rp (PILOT 
RESISTOR) 


FIGURE 11. TYPICAL CIRCUIT UTILIZING THE EMITTER PILOT 
FOR OVERCURRENT PROTECTION 
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FARRIS 


SEMICONDUCTOR 


HGTG12N60D1D 


12A, 600V N-Channel IGBT 
with Anti-Parallel Ultrafast Diode 


April 1995 
Features Package 
¢ 12A, 600V JEDEC STYLE TO-247 
e Latch Free Operation EMITTER 
¢ Typical Fall Time <500ns COLLECTOR 
¢ Low Conduction Loss COLLECTOR oe 
; ; ; (BOTTOM SIDE 
e With Anti-Parallel Diode METAL) 
bd tar < 60ns = 
Description |S 
The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar | Terminal Diagram 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. The diode used in N-CHANNEL ENHANCEMENT MODE 
parallel with the IGBT is an ultrafast (tar < 60ns) with soft Cc 
recovery characteristic. 
The IGBTs are ideal for many high voltage switching applica- 
tions operating at frequencies where low conduction losses G 
are essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 
PACKAGING AVAILABILITY ‘a 
PARTNUMBER | PACKAGE | BRAND 
HGTG12N60D1D | TO-220AB G12N60D1D 
NOTE: When ordering, use the entire part number 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
HGTG12N60D1D UNITS 

COWMCOrEMIIE! VORRGE 66:62 4 vee 4wee wre wnd GA Rha ete es Pine eOeK eae Eten wee BVces 600 V 
Collector-Gate Voltage Reg = IMO... ccc cccsiccesnevcaaess va censewensennas BVcar 600 V 
Collector Current Continuous at To = +25°C . 1... ee eee oeer eer loos 21 A 

at To = 490°C cece ence eee eee e tenes logo 12 A 
ouster Gurent Puleed (0000S 8) ck ein oe Ken eyes See we ce cota nds e ee Foece iw wre ees lom 48 A 
Geie-Emitter Voltage COnnnuGUS... .a.ic vex ces ee de ed Rie ante eee eRe Eee ewe Voaes +20 V 
Switching Safe Operating Area at Ty = +150°C.. 2... eee eee SSOA 30A at 0.8 BVcEs - 
Diede Forward Curent at Ta = 428°C... os occe cows ccue see ceawseeogeda ben yeses x: Ipos 21 A 

at To = 490°C ccc cancseuvseuveenriennreeeceeweeupeuuns lego 12 A ) 

Power Diesination Total at T= 428°C . oo vances aes nneeene eens seu ebee depen ees Pp 75 Ww 
Power Dissipation Derating To > +25°C 2... ete tnt eens 0.6 wc | 
Operating and Storage Junction Temperature Range................0..00 eee Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ....... 0.0... cee eee eee eee ees Te 260 °C 


(0.125 inches from case for 5s) 
NOTE: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 
4,587,713 4,598,461 4,605,948 4,618,872 
4,641,162 4,644,637 4,682,195 4,684,413 
4,794,432 4,801,986 4,803,533 4,809,045 
4,860,080 4,883,767 4,888,627 4,890,143 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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4,466,176 4,516,143 4,532,534 4,567,641 
4,620,211 4,631,564 4,639,754 4,639,762 
4,694,313 4,717,679 4,743,952 4,783,690 
4,809,047 4,810,665 4,823,176 4,837,606 
4,901,127 4,904,609 4,933,740 4,963,951 

File Number 2800.4 


Specifications HGTG12N60D1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
LIMITS 


PARAMETERS SYMBOL TEST CONDITIONS | MIN. | TYP | MAX | UNITS 


[otecoremitorBreatsownvorse | PVees [o=OAversy | om | - | |v 
Collector-Emitter Leakage Voltage Ices Vce=BVces Ss | To= 425°C | - | - | 280 | pA | 
mA 
[Gaeertertestane Curent [tees [Voe==200 


On-State Gate Charge Qeion) lo = lego: Voe = 15V 
Voce = 0.5 BVceEs 


Vee = 20V 


Current Turn-On Delay Time L = 500p1H, Ic = Iegg, Rg = 25V, 
: ; VGE = 15V, Ty = +150°C, 

Se pot Voce = 0.8 BVces 

Current Turn-Off 

Current Fall Time — ae 

Turn-Off Energy (Note 1) 

Diode Forward Voltage lec = 12A 

Diode Reverse Recovery Time | tra lec = 12A, dleo/dt = 100A/us 


NOTE: 
1. Turn-off Energy Loss (Wo,¢r) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = OA). The HGTG12N60D1D was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


1.9 2.5 


Collector-Emitter Saturation Voltage lc =Io99, Vac = 15V 


VcE(SAT) 


21 2.7 


+500 nA 
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on 
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Typical Performance Curves 


20 
PULSE DURATION = 250s 
DUTY CYCLE < 0.5% | 
Vee = 10V 
16 CE 
12 ae i 
8 tt P|) 


PULSE DURATION = 2501s 
DUTY CYCLE < 0.5% 
To = +25°C [ 


Voe = 18V ] 7 


Tc = +1 50°C 
4 Tce= +25°C / 
Tec = -40°C 


/ 


i 
a Aan 
eee Meee 


Vge, GATE-EMITTER VOLTAGE (V) Vce, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 
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HGTG12N60D1D 


Typical Performance Curves (Continued) 


Vog = 480V, Vg = 10V AND 15V 
Ty = +1 50°C, Ree = 25Q, L= 500u.H 


< 
— 
- " 
) 
Fa E 
= Ww 
ro) = 
oc 
3 r 
5 _ 
Ww x 
_ a 
a i 
(e) ~ 
O 
Ww 
2 
+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) PEAK COLLECTOR-EMITTER CURRENT (A) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


0.75 BVcgEs 0.75 BVceEs 
0.50 BVces 0.50 BVceEs 
0.25 BVces 0.25 BVces 


C, CAPACITANCE (pF) 
Voge, COLLECTOR-EMITTER VOLTAGE (V) 
Vge, GATE-EMITTER VOLTAGE (V) 


IG(RE IG(RE 
0- = TIME (18) 80 - al 
Vce, COLLECTOR-EMITTER VOLTAGE (V) G(ACT) G(ACT) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 


STANT GATE CURRENT. (REFER TO APPLICATION 
3 


NOTES AN7254 AND AN7260) 


Ty = +150°C, VcE = 10V 
Roe = 25Q, L= 500u.H 


VcE(ony SATURATION VOLTAGE (V) 
i) 
Worr, TURN-OFF SWITCHING LOSS (mJ) 


| | 


1 10 20 
Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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HGTG12N60D1D 


Typical Performance Curves (Continued) 
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Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
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04 06 08 10 12 14 16 18 
Vec, EMITTER-COLLECTOR VOLTAGE (V) 


FIGURE 11. TYPICAL DIODE EMITTER-TO-COLLECTOR VOLTAGE 


Ty = +150°C, Te = +100°C 


fuax1 = 9-05ApoFF) 
fuax2 = (Pp - Pc)/Worr 
Po = DUTY FACTOR = 50% 


Vor = 480V, Vge = 10V AND 15V 
Voge = 480V, Vge = 10V AND 15V 


fop, OPERATING FREQUENCY (kHz) 


Ice, COLLECTOR-EMITTER CURRENT (A) 
NOTE: 


Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


t, RECOVERY TIMES (ns) 


lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 12. TYPICAL tap, ta, tg vs FORWARD CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device 
performance for a specific application. Other typical 
frequency vs collector current (Icg) plots are possible using 
the information shown for a typical unit in Figures 7, 8 and 9. 
The operating frequency plot (Figure 10) of a typical device 
shows fraxy OF fyaxo whichever is smaller at each point. The 
information is based on measurements of a typical device 
and is bounded by the maximum rated junction temperature. 


{Max is defined by fMaAx1 = 0.05/to(oFF)I- tD(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tpiorry is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


frequency limiting condition for an application other than 
Tymax: tp(orry! iS important when controlling output ripple 
under a lightly loaded condition. 


fmMaxe2 is defined by fmMaxe2 = (Pp = Pco)/Worer- The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Resc. The 
sum of device switching and conduction losses must not 
exceed Pp. A 50% duty factor was used (Figure 10) so that 
the conduction losses (Pc) can be approximated by Pc = 
(Voce X Icg)/2. Wore is defined as. the sum of the instanta- 
neous power loss starting at the trailing edge of the input 
pulse and ending at the point where the collector current 
equals zero (Ic¢ - OA). 


The switching power loss (Figure 10) is defined as fryax, x 
Worr- Turn on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 
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FARRIS 


SEMICONDUCTOR 


P1T4N40F3VL 


14A, 400V N-Channel, 


April 1995 Logic Level Voltage Clamping IGBT 
Features Package 
¢ Logic Level Gate Drive JEDEC TO-220AB 
e Internal Voltage Clamp EMITTER | ecTOR 
¢ ESD Gate Protection GATE 
‘ _ fe) 
LE elidel COLLECTOR 
¢ Ignition Energy Capable (FLANGE) 


Applications 

¢ Automotive Ignition 
¢ Small Engine Ignition 
e Fuel ignitor 


Symbol 
Description 

This N-Channel IGBT is a MOS gated, logic level device which is 

intended to be used as an ignition coil driver in automotive ignition 

circuits. Unique features include an active voltage clamp between 

the drain and the gate and ESD protection for the logic level gate. 

Some specifications are unique to this automotive application and GATE 
are intended to assure device survival in this harsh environment. 

The development type number for this device is TA49023. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
HGTP14N40F3VL TO-220AB 14N40FVL 


NOTE: When ordering, use the entire part number. 


COLLECTOR 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


HGTP14N40F3VL UNITS 

Collector-Emitter Breakdown Voltage at 10MA .......... 0.6 cee cece eee BVces 420 V 
Collector-Gate Breakdown Voltage Reg = 10kQ .. ce eee BVcer 420 V 
Collector Current Continuous 

Mee @ESV OTe GOS C cccnnidnascnsanncewasseasanaeenaneneietavnnaeewe loos 19 A 

VoE = 4.5V at To PE Aone obo wba bake nesaked desdvewoedecunapuresceseasars Ico 14 A 
Gale-Eriiter Voliage COMIMUOUS. os.0 cies cece ede se caus sae nee seems nese bw eee Voces +10 V 
Gars-Ermitter Volage PUISOG OF 62s s pac ddcase vas erdasean eg ad ewes sees ede ees VGeEmM z12 V 
Galo-Emiliar CUnant PUG 2.6 ockavteetdwnes es ve euranwedennse ase weneereds IGeEm +10 mA 
Open Secondary Turn-Off Current 

Le rit SESE ocd kb ac a ccanhee ke bdeheu Ganadnjiwsdad aaduewndwe ven tebas loo 17 A 

Me ae ot geo nr ee ee er loo 12 A 
Drain to Source Avalanche Energy at L = 2.3mH, Tg = +25°C ... eee EAS 330 mJ 
Power Dissipation Total at To = +25°C «1... eect teen ennes Pr 83 w 
Power Dissipation Derating Tc > +25°C 0.67 WwPC 
Operating and Storage Junction Temperature Range ...................00 eae Ty, Tste -40 to +150 °C 
Maximum Lead Temperature for Soldering .............. 0.0 cece eee cece eee eaes TL 260 i“ @ 
Electrostatic Voliage at 100pF, 150002... wc. cc cteneeeseccceer came eenebennees ESD 6 KV 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3407.2 
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Specifications HGTP14N40F3VL 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


Collector-Emitter Breakdown Voltage BVces Io = 10mA, 
Vee = OV 


Collector-Emitter Clamp Bkdn. Voltage BVcecL) | Ic = 10A 
Emitter-Collector Breakdown Voltage Io = 1.0mMA 
Collector-Emitter Leakage Current Voce = 250V 


Voce = 250V 
Collector-Emitter Saturation Voltage 


Gate-Emitter Threshold Voltage VGE(TH) Io = 1.0MA 1.0 1.5 
Voce = Vee 


Gate-Emitter Leakage Current Voge = +10V — 
Gate-Emitter Breakdown Voltage Iges = +1.0MA 


Current Turn-off Time-Inductive Load tororry + | RL = 32Q, Io = 10A, Rg = 25Q, 
tE(OFF)I L= 550yH, Veit = 320V, VoGeE = 5Y, 
To = +125°C 


Inductive Use Test L =2.3mH, To = +150°C 
Vg =5V, 


Figure 13 To = +25°C 


IGBTs 


Thermal Resistance 
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HGTP14N40F3VL 
Typical Performance Curves 


PULSE DURATION=250us. DUTY CYCLE < 0.52. Vce=10V PULSE DURATION=250uS, DUTY CYCLE <.52, Te=25°C 


COLLECTOR-EMITTER CURRENT (Ice) - A 
COLLECTOR-EMITTER CURRENT (Ice) - A 


! 2 3 4 0 2 4 6 8 
GATE-TO-EMITTER VOLTAGE (Vge) - V COLLECTOR-TO-EMITTER VOLTAGE (Vce) - V 
FIGURE 1. TRANSFER CHARACTERISTICS (TYP.) FIGURE 2. SATURATION CHARACTERISTIC (TYP.) 


Ic(pk) - (Ampe) 


DC COLLECTOR CURRENT (Ice) - A 


50 i) 100 4 8 
CASE TEMPERATURE (Tc) -° C INDUCTANCE - (mH) 
FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A FIGURE 4. OPEN SECONDARY CURRENT AS AFUNCTION OF 
FUNCTION OF CASE TEMPERATURE INDUCTANCE (TYP.) 


8 


Cf) = 1MHz 


g 


Selita ih 
Pre nh 
Beit! a con 
Ott eI oF? BAllil 
W AT Billi 
ae) MUM 
1E-1 tn a | 


et — AAT tt ttt ot 
—tortin eye tii tt 
OB THEO ACT 
OO Ta AL 
Matias tt 
t2 | 


3 
Duty Factor, D = ti/t2 
‘ vig Tj=Pdm x ZthIC x ROIC 
c 


NORMALIZED THERMAL RESPONSE (Zth-JC) - °C/W 


m 
nm 


m 
a 


1E-4 1E-3 Sa 4 1E-1 1E0 1E1 
RECTANGULAR PULSE DURATION (t;) - SECONDS 


5 10 16 20 
COLLECTOR TO EMITTER VOLTAGE (Yce) - V 


FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR - FIGURE 6. MAXIMUM EFFECTIVE TRANSIENT THERMAL IMPED- 
EMITTER VOLTAGE (TYP.) ANCE, JUNCTION-TO-CASE, vs PULSE DURATION 
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HGTP14N40F3VL 


Typical Performance Curves (continued) 


5 
i=) 


COLLECTOR EMITTER CURRENT (Ice) - A 


0 
0,00 1.00 2.00 3.00 4.00 5.00 
SATURATION VOLTAGE C€Vce-SAT) - V 


FIGURE 7. COLLECTOR-EMITTER CURRENT AS A FUNCTION 
OF SATURATION VOLTAGE; T, = +150°C (TYP.) 
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COLLECTOR - EMITTER CURRENT (Ice) - A 


dtd 


i 


28 
8 


Lé 
SATURATION VOLTAGE (Vce-SAT) - V 


FIGURE 9. COLLECTOR-EMITTER CURRENT AS A FUNCTION 
OF SATURATION VOLTAGE (TYP.) 


1E4 


1E3 


LEAKAGE CURRENT - uf 


25 50 75 100 125 150 175 
JUNCTION TEMPERATURE (Tj) - °C 


FIGURE 11. LEAKAGE CURRENTS AS A FUNCTION OF 
JUNCTION TEMPERATURE (TYP.) 


SATURATION VOLTAGE (Vceeat) - V 


-50 -2 0 fas) 50 79 100 13 150 175 
JUNCTION TEMPERATURE (Tj) -°C 


FIGURE 8. SATURATION VOLTAGE AS A FUNCTION OF 
JUNCTION TEMPERATURE (TYP.) 


2 
a 
o 


50 100 
JUNCTION TEMPERATURE (TJ) -°C 


FIGURE 10. INDUCTIVE CURRENT TURN-OFF TIME AS A 
FUNCTION OF JUNCTION TEMPERATURE (TYP.) 


THRESHOLD VOLTAGE (Vty)-V 


JUNCTION TEMPERATURE - (TJ) -°C 


FIGURE 12. THRESHOLD VOLTAGE AS A FUNCTION OF 
JUNCTION TEMPERATURE (TYP.) 
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HGTP14N40F3VL 


Test Circuits 


2.3mH 


FIGURE 13. USE TEST CIRCUIT 


1/Rg = 1/Roen + W/Ree 


rr = we eS = = 


FIGURE 14. INDUCTIVE SWITCHING TEST CIRCUIT 


Handling Precautions for IGBT’s 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application procedures, 
however, IGBT’s are currently being extensively used in 
production by numerous equipment manufacturers in 
military, industrial and consumer applications, with virtually 
no damage problems due to electrostatic discharge. IGBT’s 
can be handled safely if the following basic precautions are 
taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “tECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 


circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage 
rating of Vgey. Exceeding the rated Ver can result in per- 
manent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are 


essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the device due to voltage buildup 
on the input capacitor due to leakage currents or pickup. 


+ Trademark Emerson and Cumming, Inc. 
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HGTP14N36G3VL, 
Go HARRIS HGT1S14N36G3VL, 


HGT1S14N36G3VLS 


14A, 360V N-Channel, 
June 1995 Logic Level, Voltage Clamping IGBTs 


Features Packages 
JEDEC TO-220AB 


EMITTER 
COLLECTOR 


e Logic Level Gate Drive 


¢ Internal Voltage Clamp 
e ESD Gate Protection COLLECTOR 
© Ty =175°C (FLANGE) 
¢ Ignition Energy Capable 

JEDEC TO-262AA 


EMITTER 
COLLECTOR 


Description 


This N-Channel IGBT is a MOS gated, logic level device 
which is intended to be used as an ignition coil driver in auto- COLLECTOR 
motive ignition circuits. Unique features include an active EARSE) he 
voltage clamp between the collector and the gate which pro- 
vides Self Clamped Inductive Switching (SCIS) capability in 
ignition circuits. Internal diodes provide ESD protection for 
the logic level gate. Both a series resistor and a shunt 
resister are provided in the gate circuit. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
HGTP14N36G3VL TO-220AB 14N36GVL 
HGT1S14N36G3VL TO-262AA 14N36GVL 


JEDEC TO-263AB 


COLLECTOR 


we (FLANGE) 


2 
mM 
o 


HGT1S14N36G3VLS TO-263AB 14N36GVL Terminal Diagram 
NOTE: When ordering, use the entire part number. Add the suffix 9A N-CHANNEL ENHANCEMENT MODE 
to obtain the TO-263AB variant in the tape and reel, i.e., COLLECTOR 


HGT1S14N36G3VLSQ9A. 


The development type number for this device is TA49021. 


GATE 


EMITTER 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
HGTP14N36G3VL, 
HGT1S14N36G3VL, 
HGT1S14N36G3VLS UNITS 
Collector-Emitter Bkdn Voltage at 10MA .. 1.1... . cece ee eee eee eee BVcer 390 V 
Emitter-Collector Bkdn Voltage at 10MA ......... 0... cee eee ee ee eee BVecs 24 V 
Collector Current Continuous at Veg = 5V, To = +25°C. oe loos 18 A 
at VGE = 5V, To = +100°C CAR HTS HST ESO HE DS DE STE Ic100 14 A 

aie-Emittor VollagG (NOW). snack cde eee ea scasiee ser Sav en bens Hen eee nner Vaem +10 V 
Inductive Switching Current at L = 2.3MH, To = +25°C .. 6 eee Iscis 17 A 

atL= 2.3MH, To a i Se Iscis 12 A 
Collector to Emitter Avalanche Energy at L = 2.3mH, To = +25°C............... Eas 332 mJ 
Power Dissipation Total at Tc = +25°C 2.1... ee cece een eens Pp 100 Ww 
Power Dissipation Derating To > +25°C. 0. cece ee eee ene eeee 0.67 wc 
Operating and Storage Junction Temperature Range .................006. Ty, Tste -40 to +175 °C 
Maximum Lead Temperature for Soldering ............ ccc cece ween eee ee eees vn 260 °C 
Electrostalic Voliage at 100pF, T5008... ccc cca Cons cn nawunee wennn sade gan's ESD 6 KV 
NOTE: May be exceeded if IGeyy is limited to 10mA. 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 4008 
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Specifications HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


Collector-Emitter Breakdown Voltage 


Gate-Emitter Plateau Voltage Voep IC =7A, To = +25°C 
Voge = 12V 
Gate Charge Qgeion) io 7A, To= +25°C 
cE = 12V 
Collector-Emitter Clamp Breakdown BVcecct) | Ic=7A To = +175°C 
Voltage Rg = 10002 


Emitter-Collector Breakdown Voltage lc =10MmA To = +25°C | 24 


LIMITS 


TEST CONDITIONS UNITS 


o 


S 


Collector-Emitter Leakage Current 


Gate-Emitter Threshold Voltage VGE(TH) a =1mA To = +25°C 
Voce = Vae 


ewtmenewe a | ewe fo f= fo 
soremroeem vm | wer frame ae [a 
= 
eT 
Ta 


Collector-Emitter Saturation Voltage 


5 


+1000 yA 


5 = 
7) 


Current Turn-Off Time-Inductive Load toiorF + | Ico = 7A, RL = 28 
tF(OFF)I Re = 2502,L= 550yH, 
Vet = 300V, VGE = 5V, 


To = +175°C 
Thonmal Resistance os 


Inductive Use Test Iscis 


g 
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HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS 


Typical Performance Curves 


PULSE DURATION = 250us, DUTY CYCLE <0.5%, Vog = 10V 


Ice, COLLECTOR-EMITTER CURRENT (A) 


Voge, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS 


Ice, COLLECTOR EMITTER CURRENT (A) 


Vceisar)» SATURATION VOLTAGE (V) 


FIGURE 3. COLLECTOR-EMITTER CURRENT AS A FUNCTION 
OF SATURATION VOLTAGE 


sg 
° 
< 


Vs 
/ 
JI7Zt Vi 


< 
Q 


m 
on 
< 


Vce(saty: SATURATION VOLTAGE (V) 


~ 
- 
=~ 
ne 
E 


| TAI /) 
| VV] Y 


+25 +75 +125 +175 


Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 5. SATURATION VOLTAGE AS A FUNCTION OF 
JUNCTION TEMPERATURE 


PULSE DURATION = 250us, DUTY CYCLE <0.5%, Tc = +25°C 


Io¢g, COLLECTOR-EMITTER CURRENT (A) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 2. SATURATION CHARACTERISTICS 


2 
m 
Oo 


Ice, COLLECTOR EMITTER CURRENT (A) 


Vcesat)» SATURATION VOLTAGE (V) 


FIGURE 4. COLLECTOR-EMITTER CURRENT AS A FUNCTION 
OF SATURATION VOLTAGE 


Vceisar), SATURATION VOLTAGE (V) 


+125 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 6. SATURATION VOLTAGE AS A FUNCTION OF 
JUNCTION TEMPERATURE 
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HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS 


Typical Performance Curves (continued) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


+25 +50 +75 +100 +125 +150 +175 
Tc, CASE TEMPERATURE (°C) 


FIGURE 7. COLLECTOR-EMITTER CURRENT AS A FUNCTION 
OF CASE TEMPERATURE 


m 
a 
: 


\ 


1E3 


1E2 


1E1 


LEAKAGE CURRENT (iA) 


1E0 


1E-1 
+20 +60 +100 +140 +180 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 9. LEAKAGE CURRENT AS A FUNCTION OF 
JUNCTION TEMPERATURE 


Ic, INDUCTIVE SWITCHING CURRENT (A) 


L, INDUCTANCE (mH) 


FIGURE 11. SELF CLAMPED INDUCTIVE SWITCHING 
CURRENT AS A FUNCTION OF INDUCTANCE 


Vaecrn), NORMALIZED THRESHOLD VOLTAGE 


-25 +25 +75 +125 +175 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED THRESHOLD VOLTAGE ASA 
FUNCTION OF JUNCTION TEMPERATURE 


tory, TURN OFF TIME (us) 


+25 +50 + 75 +100 +125 +150 +175 
Tj, JUNCTION TEMPERATURE (°C) 


FIGURE 10. TURN-OFF TIME AS A FUNCTION OF 
JUNCTION TEMPERATURE 


Eas, ENERGY (mJ) 


L, INDUCTANCE (mH) 


FIGURE 12. SELF CLAMPED INDUCTIVE SWITCHING ENERGY 
AS A FUNCTION OF INDUCTANCE 
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HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS 


Typical Performance Curves (continued) 


REF Ig = 1mA, R, = 1.79, Tc = +25°C 


ee |. 6 

S a 

o 10 A s— 
ri ar he (©) 
a fe) <x 
WwW c Oo 
Oo ui > 
z E a 
= wi 

S 6 3 
oO Ww = 
a cc s 
< S rr 
7 o 4 2 
rs) W 

_ 6 

S 7 ‘8 

ul > 

> O 0 

0 5 10 15 20 25 30 
Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) Qg, GATE CHARGE (nC) 
FIGURE 13. CAPACITANCE AS A FUNCTION OF COLLECTOR- FIGURE 14. GATE CHARGE WAVEFORMS 


EMITTER VOLTAGE 
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s i He a eS . x 
& UII DUTY FACTOR, D = t, /t, ui 
= PEAK Ty = (Pp X Zgyc X Rose) + Te = 330 
oO 
N ead 
10°5 10“ 10°3 10°72 10° 10° ~—- 101 2000 4000 6000 8000 10000 
t;, RECTANGULAR PULSE DURATION (s) Roe, GATE-TO- EMITTER RESISTANCE (Q) 
FIGURE 15. NORMALIZED TRANSIENT THERMAL FIGURE 16. BREAKDOWN VOLTAGE AS A FUNCTION OF 
IMPEDANCE, JUNCTION TO CASE GATE-EMITTER RESISTANCE 
Test Circuits 
Ri 
2.3mH 
2 Vop 
L= 550yH 
eet 1/Rg = 1/Roen + 1/Ree 
1 Re fe ee, Siesta 
1 t 
1 : Voc 
7. 300V 
i 
1 1 
—- ’ 
= . = =— = 
FIGURE 17. SELF CLAMPED INDUCTIVE SWITCHING FIGURE 18. CLAMPED INDUCTIVE SWITCHING TIME 
CURRENT TEST CIRCUIT TEST CIRCUIT 
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HGTP14N36G3VL, HGT1S14N36G3VL, HGT1S14N36G3VLS 


Handling Precautions for IGBT’s 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application proce- 
dures, however, IGBT’s are currently being extensively used 
in production by numerous equipment manufacturers in mili- 
tary, industrial and consumer applications, with virtually no 
damage problems due to electrostatic discharge. IGBT’s can 
be handled safely if the following basic precautions are 
taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as t“ECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 
circuits with power on. 


5. Gate Voltage Rating -The gate-voltage rating of Veen 
may be exceeded if IGery is limited to 10mA. 


+ Trademark Emerson and Cumming, Inc 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 
4,587,713 4,598,461 4,605,948 4,618,872 
4,641,162 4,644,637 4,682,195 4,684,413 
4,794,432 4,801,986 4,803,533 4,809,045 
4,860,080 4,883,767 4,888,627 4,890,143 
4,969,027 
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4,466,176 4,516,143 4,532,534 4,567,641 
4,620,211 4,631,564 4,639,754 4,639,762 
4,694,313 4,717,679 4,743,952 4,783,690 
4,809,047 4,810,665 4,823,176 4,837,606 
4,901,127 4,904,609 4,933,740 4,963,951 


HARRIS 


SEMICONDUCTOR 


GD 


April 1995 


Features 


15A and 20A, 400V and 500V 
VcE(ON) 2-9V 

Tr, 1ps, 0.5us 

Low On-State Voltage 

Fast Switching Speeds 

High Input Impedance 

No Anti-Parallel Diode 


Applications 


¢ Power Supplies 
e Motor Drives 
e Protection Circuits 


Description 


The HGTH20N40C1, HGTH20N40E1, HGTH20N50C1, HGTH20N50E1, 
HGTP15N40C1, HGTP15N40E1, HGTP15N50C1 and HGTP15N50E1 
are n-channel enhancement-mode insulated gate bipolar transistors 
(IGBTs) designed for high-voltage, low on-dissipation applications such as 
switching regulators and motor drivers. These types can be operated 
directly from low-power integrated circuits. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


HGTH20N50C1 
HGTH20N50E1 


HGTH20N40C1 

HGTH20N40E1 
Collector-Emitter Voltage 400 
Collector-Gate Voltage Reg = 1MQ 400 
Reverse Collector-Emitter Voltage -5 
Gate-Emitter Voltage +20 
Collector Current Continuous 20 
Collector Current Pulsed 35 
Power Dissipation at To = +25°C 100 
Power Dissipation Derating Tg > +25°C 0.8 
Operating and Storage Junction Temperature Range...T),Tstg -55 to +150 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


Copyright © Harris Corporation 1995 3-61 


-55 to +150 


HGTP15N40C1, 40E1, 50C1, 50E7, 
HGTH20N40C1, 40E1, 50C1, 50E7 


15A, 20A, 


400V and 500V N-Channel IGBTs 


Packages 


HGTH-TYPES JEDEC TO-218AC 
EMITTER 


COLLECTOR 
(FLANGE) 


HGTP-TYPES JEDEC TO-220AB 


EMITTER 
COLLECTOR 


LH GATE 


COLLECTOR 
(FLANGE) 


2 
m 
Oo 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 
Cc 


HGTP15N40C1 
HGTP15N40E1 


HGTP15N50C1 
HGTP15N50E1 UNITS 
500 
500 

5 
+20 

20 

35 

100 

0.8 0.6 0.6 wc 
-55 to +150 -55 to +150 °C 


File Number 2174.3 


Specifications HGTP15N40C1, 40E1, 50C1, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS 


Collector-Emitter Breakdown 
Voltage 


Gate Threshold Voltage 


Zero -Gate Voltage Collector 
Current 


LIMITS 


HGTH20N40C1, E1, | HGTH20N50C1, E1, 
HGTP15N40C1, E1 | HGTP15N50C1, E1 


SYMBOL TEST CONDITIONS 


MN 
hell 
<a 
lces | Veg = 400V, Tc = +25°C L * 
<e 
— 
aa 
; — 

La 

a 


UNITS 
BVces 


VGE(TH) 


sd 


ae et — = 


Gate-Emitter Leakage Current 


Voge = +20V, Vog = 0 


Ic = 20A, Voce = 10V 
Io = 35A, Veg = 20V 


VoGeEP lo = 10A, Voce = 10V 


Reverse Collector-Emitter loge 
Leakage Current 


Collector-Emitter on Voltage 


Fall Time 


VcE(ON) 


6 (Typ) V 


lo = 10A, Voce = 10V 33 (Typ) nC 


Qgion) 


Io = 20A, VoecLp) = 300V, 
L = 25H, T, = +100°C, 
VGE = 10V, Re = 250 


oi 
oO 


O;Tnmit « 
moloat 9 


to(on)| 


ou 
Oo 


680 (Typ)| 1000 | 680(Typ)| 1000 


to(OFF)I 


- 
a 


40E1, 50E1 


40C1, 50C1 


Turn-Off Energy Loss per Cycle 
(Off Switching Dissipation = 
Woer X Frequency) 


Ic = 10A, Vceccip) = 300V, 
L = 25yH, Ty= +100°C, 
Voge = 10V, Rg = 252 


Worr 


40E1, 50E1 1810 (Typ) 


1070 (Typ) 


iat fn a 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


40C1, 50C1 


rc 
c 


c 


Thermal Resistance 
Junction-to-Case 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


3-62 


HGTP15N40C1, 40E1, 50C1, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves 


Ice, COLLECTOR CURRENT (A) 


-25 0 +25 +50 +75 +100 +125 +150 +175 
Ty, JUNCTION TEMPERATURE (°C) 


0 
-75 -50 


FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 25Q, 
Voce = OV ARE THE MIN. ALLOWABLE VALUES 


NORMALIZED GATE THRESHOLD VOLTAGE 


+50 +100 +150 
Tc, JUNCTION TEMPERATURE (°C) 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD VOLT- 
AGE vs JUNCTION TEMPERATURE 


Ice, COLLECTOR CURRENT (A) 


Jee 


ae ee a 


1 2 3 4 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS 
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RATED POWER DISSIPATION (%) 


+125 +150 


Tc, CASE TEMPERATURE (°C) 


FIGURE 2. POWER DISSIPATION vs TEMPERATURE DERATING 
CURVE 


PULSE TEST, Vcg = 10V 
PULSE DURATION = 80us 
DUTY CYCLE = 0.5% MAX. 


2 
am 
Oo 


log, COLLECTOR CURRENT (A) 


Vge, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 


PULSE TEST, Vg = 10V 
PULSE DURATION = 80s 
DUTY CYCLE = 0.5% MAX. 


Ice, COLLECTOR CURRENT (A) 


pTLA T Tt 

0 SRP anes 

0 1 2 3 4 
Vce(on)» COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE6. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 


HGTP15N40C1, 40E1, 5001, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves (Continued) 


C, CAPACITANCE (pF) 


Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE 


Ig = 20A, Vee = 10V, Vo, = 300V 
L = 25u1H, Re = 252 


to(oFF) SWITCHING TIME (ns) 


+50 +75 - +100 +125 
T,, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME 


te, SWITCHING TIME (ns) 


+50 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 11. TYPICAL FALL TIME (Ic = 10A) 


+75 +100 +125 


SI 
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VcE(on)» COLLECTOR-EMITTER ON VOLTAGE (V) 


Ic = 20A, Veg = 10V 


[teen ees toy 
eek oes 150 
————— 

Tf of 
Io = 10A, Veg = 10V Lt 


Ic = 10A, Vee = 15V 
ps a eh 
+25 +50 +75 +100 +125 +150 


Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 8. TYPICAL VcE(on) Vs TEMPERATURE 


te), SWITCHING TIME (ns) 


+25 


+100 +125 
Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 12. TYPICAL FALL TIME (I¢ = 20A) 


HGTP15N40C1, 40E1, 5001, 50E1, HGTH20N40C1, 40E1, 50C1, 50E1 


Typical Performance Curves (Continued) 


500 
; 5 OR IK ti 
2 3s | \ Wf, S 
3g § 4 
i 375 
OS 700 2 5 
= cc | | re) 
fz 600 E Ver = 0.25BV NY - - 
tT] cc= = 
Z 500 = | N 
u wi 
ve 400 oc = 
9° = 7 
za 
= 
5 300 wal NOT ACCURATELY REPRESENTED < 
ae a 125 FAN 1A Mey THIS NORMALIZATION. - 
it 3) G 
= a $ 
100 2 
0 0 ' 
+25 +50 +75 +100 +125 +150 20 G(REF) TIME (us) a0 'G(REF) 
Ty, JUNCTION TEMPERATURE (°C) Ig(act) la(act) 
FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 
SWITCHING LOSS/CYCLE STANT GATE CURRENT. (REFER TO APPLICA- 


TION NOTES AN7254 AND AN7260 ON THE USE 
OF NORMALIZED SWITCHING WAVEFORMS) 


Test Circuit 


IGBTs 


Ry = 4Q 


L= 25H 


Rg = 1/Rgen + Roe 
S| 
Roen = 502 


FIGURE 15. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTP20N35G3VL, 
jcureaeecsTet HGT1S20N35G3VL, 
HGT1S20N35G3VLS 


20A, 350V N-Channel, 
April 1995 Logic Level, Voltage Clamping IGBTs 


aD 


Features Packages 


JEDEC TO-220AB 


e Logic Level Gate Drive 

e Internal Voltage Clamp 

e ESD Gate Protection FLANGE). 

¢ Ty = 175°C ™ 


¢ Ignition Energy Capable 


Description 

This N-Channel IGBT is a MOS gated, logic level device COLLECTOR 
which is intended to be used as an ignition coil driver in auto- (FLANGE) 
motive ignition circuits. Unique features include an active ™ 


voltage clamp between the collector and the gate which pro- 
vides Self Clamped Inductive Switching (SCIS) capability in 
ignition circuits. Internal diodes provide ESD protection for JEDEC TO-263AB 
the logic level gate. Both a series resistor and a shunt resis- 
tor are provided in the gate circuit. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND | 
aa 
iia ciel 


NOTE: When ordering, use the entire part number. Add the suffix 9A N-CHANNEL ENHANCEMENT MODE 
to obtain the TO-263AB variant in the tape and reel, i.e., COLLECTOR 
HGT1S20N35G3VLSQ9A. " 


COLLECTOR 


a (FLANGE) 


The development type number for this device is TA49076. 


GATE 


EMITTER 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


HGTP20N35G3VL 
HGT1S20N35G3VL 
HGT1S20N35G3VLS UNITS 
Collector-Emitter Bkdn Voltage At 10mA, Rgg= 1kQ... 2. eee eee BVcer 375 V 
Emitter-Collector Bkdn Voltage At10MA ......... 0... cece eee ee BVecs 24 V 
Collector Current Continuous At Vgg = 5.0V, Tg = +25°C, Figure7............. loos 20 A 
APVee = SDV, Te A tt0OS aca sicscsvecavese aus lc100 20 A 
Gate-Emitter-Voltage (Note). 2c ccc cece scsaeesaerseuwsn nines eessniuns Voaes +10 V 
Inductive Switching Current At L = 2.3MH, To = +25°C .. 0... eee Iscis 26 A 
AtL = 2.3MH, Tc = 175°C CECH APETRES SS HERR TSE RE Iscis 18 A 
Collector to Emitter Avalanche Energy At L = 2.3mH, To = +25°C ..... 2.2.00... Eas 775 mJ 
Power Dissipation Total At Tc = +25°C 2.0... cee eee eee Pp 150 Ww 
Power Discipation Derating Te > 425°C. «.6ccsccetvecsasuserisaeeraeeeweveuns 1.0 wc 
Operating and Storage Junction Temperature Range ..................... Ty, Tsta -40 to +175 °C 
Maximum Lead Temperature for Soldering .............. 2-00 eee e eee eee eee eee TL 260 is 
Electrostatic Voltage at 100pF, 15000)... 1. esc ccnwencaescuerasbererrendee ESD 6 KV 
NOTE: May be exceeded if Iggy is limited to 10mA. 
Copyright © Harris Corporation 1995 Fite Number 4006 
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Specifications HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


To = +175°C 340 375 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | min | TYP | MAX | UNITS 
Collector-Emitter Breakdown Voltage BVces Io = 10mA, To = +175°C V 
Vee = 0V 
To = +25°C | 320 | 350 380 
renawe [ao [oe [a 


Collector-Emitter Breakdown Voltage 


To = +25°C 315 375 


To = -40°C 315 


Gate-Emitter Plateau Voltage | Voep lo =10A To = +25°C 
| Veg = 12V 


Gate Charge Qeon) 
Collector-Emitter Clamp Bkdn. Voltage BVcect) | Ic = 10A To = +175°C 325 360 395 
Rg = 02 

lo= 


Emitter-Collector Breakdown Voltage BVecs To = +25°C 
Collector-Emitter Leakage Current IcEs Vog = 250V To = +25°C 
VcE = 250V Tc = +1 75°C 


Teo = +25°C 


ie) 


28.7 


3 
OQ 


ié) 


Collector-Emitter Saturation Voltage VCE(SAT) 
Te = +175°C 
To = +25°C 


To = +175°C 


wo 


—_ 


= 
oO 


_ 
ou 


3 


Gate-Emitter Threshold Voltage 


VGE(TH) lo =1mA To = +25°C 
Vce = Vee 


To os +25°C 


+e) 


Gate Series Resistance 


Gate-Emitter Resistance To = +25°C 
Gate-Emitter Leakage Current Voge = +10V +400 
Gate-Emitter Breakdown Voltage BVceEs IGes = +2mA +1 


Current Turn-Off Time-Inductive Load Ico = 10A, Re = 25Q, 
L = 550 H, R, = 26.4Q, Vee = 5V, 
Voi oe 300V, To = +1 75°C 


To = +1 75°C 


Tc = +25°C 


1 


= 
N 


+590 +1000 


> 


Tv 


_— nih, = 
o 


NO 


+14 


< 
DD e) 
m 
D 


tp(oFF)I + 
tF(OFF)I 


Inductive Use Test 


oO 
S 
= 


Thermal Resistance Rec 


- w © 
© wo 


2 
ies] 
S 


HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS 


Typical Performance Curves 


PULSE DURATION = 2501s, DUTY CYCLE <0.5%, Voge = 10V PULSE DURATION = 250s, DUTY CYCLE <0.5%, Tg = +25°C 


“Ltt | | | [AY To 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Voge, GATE-TO-EMITTER VOLTAGE (V) Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS 


50 


Lae A 


_ 

+ Veg 45 —T | | 
: es 
Pt vce=sov PT i 


fA 
at a 


Ice, COLLECTOR EMITTER CURRENT (A) 


Ice COLLECTOR EMITTER CURRENT (A) 
=} 
ML TT 
q 
SQ 


0 1 2 3 4 5 
Vcesar), SATURATION VOLTAGE (V) Vceisat), SATURATION VOLTAGE (V) 
FIGURE 3. COLLECTOR-EMITTER CURRENT AS A FUNCTION FIGURE 4. COLLECTOR-EMITTER CURRENT AS A FUNCTION 
OF SATURATION VOLTAGE OF SATURATION VOLTAGE 


Vceisar», SATURATION VOLTAGE (V) 
Vcesar)» SATURATION VOLTAGE (V) 


TET TALL N 
LET TEAT TEN 


-25 +25 +75 +125 +175 ; -25 +25 +75 +125 +175 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 5. SATURATION VOLTAGE AS A FUNCTION OF FIGURE 6. SATURATION VOLTAGE AS A FUNCTION OF 
JUNCTION TEMPERATURE JUNCTION TEMPERATURE 
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HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS 


Typical Performance Curves (Continued) 


+175 


TIT 

TAA 
TUT ALTT 
TAL 
LAT 
ALT 
IVETE 
TAL TH, 


+125 


+75 


+25 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. NORMALIZED THRESHOLD VOLTAGE AS A 


+175 


+100 +125 +150 


+75 
Tc, CASE TEMPERATURE (°C) 


FIGURE 7. COLLECTOR-EMITTER CURRENT AS A FUNCTION 


+50 


Q 
rr 
a 
= 
= 
Ww 
S 
< 
Oo 


+25 


N N r b ae 


(v) LNSYYND Y3S.LUWS-HOLOSTIOO 79) 


FUNCTION OF JUNCTION TEMPERATURE 


OF CASE TEMPERATURE 


SLadI 


NAAL TC 5 


Vei= 300V, Reg = 252, Vgg = 5V, L= 550 H 


“TANG: : 


; 


18 


+100 +125 +150 +175 
Ty, JUNCTION TEMPERATURE ("C) 


+75 


+50 


+25 


INauUND s9WIVAI 


Ty, JUNCTION TEMPERATURE (°C) 


-OFF TIME AS A FUNCTION OF 


FIGURE 10. TURN 


FIGURE 9. LEAKAGE CURRENT AS A FUNCTION OF 


JUNCTION TEMPERATURE 


JUNCTION TEMPERATURE 


SUT 
HUTA UVOMTOVORIA HEMI 
UIT 
Ue TTT eT 
HU 
TCT 
JNU TTT 
TNT 
WU rere 


4 
ait ADYaNa ‘SY3 


TTL 
FTE. 
TCE 


175°C 


1000 
200 


Ss 
N 
Sd 


(v) LNSHYND HALUIWS-HOLOSTIOO ‘3% 


= 
‘| u 


INDUCTANCE ti 


INDUCTANCE (mH) 


ENERGY AS A FUNCTION OF INDUCTANCE 


FIGURE 12. SELF CLAMPED INDUCTIVELY SWITCHING 


CURRENT AS A FUNCTION OF INDUCTANCE 


FIGURE 11. SELF CLAMPED INDUCTIVE SWITCHING 
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HGTP20N35G3VL, HGT1S20N35G3VL, HGT1S20N35G3VLS 


Typical Performance Curves (continued) 


C, CAPACITANCE (pF) 


25 


10 
Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 13. CAPACITANCE AS A FUNCTION OF COLLECTOR- 


EMITTER VOLTAGE 


—s 
i=] 
o 


Samat ELC mt 
Billi Ho EE "a sill 


Bat 7 


ht wu is 
ie 


107 


DUTY FACTOR, D = t, / t, . 
PEAK Ty (Pp X Zac xX Rec) +Tc | 


aaa 


10° 10° 1071 
t;, RECTANGULAR PULSE DURATION (s) 


Zoyc, NORMALIZED THERMAL RESPONSE 


FIGURE 15. NORMALIZED TRANSIENT THERMAL 
IMPEDANCE, JUNCTION TO CASE 


Test Circuits 


2.3mH 


e Vop 


Re 


cfr -2= |= = = 


FIGURE 17. USE TEST CIRCUIT 
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Vce, COLLECTOR-EMITTER VOLTAGE (V) 
Voce, GATE-EMITTER VOLTAGE (V) 


Qg, GATE CHARGE (nC) 
FIGURE 14. GATE CHARGE WAVEFORMS 


ce] A RE RE (A 
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uu 
ES 
Wi) 345 
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25 a ae ae 
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SB asp ae ee ee ee ee es 
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2000 4000 6000 8000 


Roe, GATE-TO-EMITTER RESISTANCE (V) 


FIGURE 16. BREAKDOWN VOLTAGE AS A FUNCTION OF 
GATE - EMITTER RESISTANCE 


10000 


Ri 


L = 550uH 


1/Rg = 1/RGen + 1/Roe 
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Tr. 300V 
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FIGURE 18. INDUCTIVE SWITCHING TEST CIRCUIT 


SEMICONDUCTOR 


HGTG20N50C1D 


20A, 500V N-Channel IGBT 
with Anti-Parallel Ultrafast Diode 


Gy HARRIS 


April 1995 


Features 


20A, 500V 
Latch Free Operation 


Package 


JEDEC STYLE TO-247 
EMITTER 
COLLECTOR 


COLLECTOR GATE 
(BOTTOM SIDE 


Typical Fall Time < 500ns 
High Input Impedance 
Low Conduction Loss 
With Anti-Parallel Diode 
tar < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device | Terminal Diagram 
combining the best features of MOSFETs and bipolar 

transistors. The device has the high input impedance of a 

MOSFET and the low on-state conduction loss of a bipolar 

transistor. The much lower on-state voltage drop varies only 

moderately between +25°C and +150°C. The diode used in 

parallel with the IGBT is an ultrafast (tap < 60ns) with soft 

recovery characteristic. 


2 
m 
Oo 


IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contractors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
HGTG20N50C1D | TO-247 G20N50C1D 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


HGTG20N50C1D UNITS 
Collector-Emitter Voltage 
Collector-Gate Voltage Regge = 1MQ 
Collector Current Continuous at Tc = +25°C 
at To = +90°C 
Collector Current Pulsed (Note 1) 
Gate-Emitter Voltage Continuous 
Diode Forward Current at Tg = +25°C 
at Tc = +90°C 
Power Dissipation Total at Tg = +25°C 
Power Dissipation Derating Tc > +25°C 
Operating and Storage Junction Temperature Range -55 to +150 
Maximum Lead Temperature for Soldering 260 
NOTE: 1. Tj =+150°C, Minimum Ree = 252 without latch 


Srr<>rrprr<< 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
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File Number 2796.3 


Specifications HGTG20N50C1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL 


Collector-Emitter Breakdown Voltage BVces lo = 1MA, Vee = OV | 500 | 
Gate Threshold Voltage VGE(TH) Vee = Vee lo = 1MA | 2 


LIMITS 


TEST CONDITIONS UNITS 


Zero Gate Voltage Collector Current 2 
To = +125°C, Voce = 500V 


Gate-Emitter Leakage Current Ices Voe = t20V, Voge = OV 


=) 


Collector-Emitter On-Voltage 


Gate-Emitter Plateau Voltage 
On-State Gate Charge Qgion) Io = 10A, Veg = 10V 
Turn-On Delay Time toon)! 


VcE(SAT) Io = 20A, VoGeE = 10V 


lo = 35A, VGE = 20V 


[ee] 
ine) 


VGeEP lo = 10A, Voce = 10V 6 (Typ) V 
33 (Typ) 


4.5 
50 
100 
25 
50 
50 
00 
500 


nC 


Turn-Off Delay Time to(OFF)| 
Fall Time te; 


Turn-Off Energy Loss Per Cycle (Off Switching Worr 
Dissipation = Worr x Frequency) 


Typical Performance Curves 


4 


500 
lo = 20A, Voe(oip) = 300V, L = 25H, a 


400 (Typ) 


lo = 20A, VcE(CLP) = 300V, L= 25uH, 1070 (Typ) pd 
Ty = +100°G, VGE = 10V, Re = 252) 


ee we 
V 


lec = 20A, digg/dt = 100A/ps | =] 


= 
Lu 
S 100 < 
& 3 
z (e) 
re} > 
E 80 q 
w) 
W) Ww 
=) 60 z 
ti = 
iu 
40 
: : 
Lu Q 
= uu 
= 20 5 
< 
= 
c 
= 
0 +25 +50 +75 +150 +100 +125 +150 -50 0 +50 +100 +150 
Tc, CASE TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 1. POWER DISSIPATION vs TEMPERATURE FIGURE 2. TYPICAL NORMALIZED GATE-THRESHOLD 
DERATING CURVE VOLTAGE vs JUNCTION TEMPERATURE 
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HGTG20N50C1D 


Typical Performance Curves (Continued) 


Voce = 10V, PULSE TEST 
PULSE DURATION = 80us 
DUTY CYCLE = 0.5% MAX 


Ice, COLLECTOR CURRENT (A) 


Voge, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 3. TYPICAL TRANSFER CHARACTERISTICS 


Vce = 10V, PULSE TEST 
PULSE DURATION = 80us 
DUTY CYCLE = 0.5% MAX 


Ice, COLLECTOR CURRENT (A) 


Voce, COLLECTOR-TO-EMITTER ON VOLTAGE (V) 


FIGURE5. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 


Io = 20A, Vgg = 10V 


a a a: a Sy 
a 
+25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 


Vce(on)) COLLECTOR-EMITTER VOLTAGE (V) 


FIGURE 7. TYPICAL Vce(on) Vs TEMPERATURE 
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log, COLLECTOR CURRENT (A) 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 4. TYPICAL SATURATION CHARACTERISTICS 
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Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


C, CAPACITANCE (pF) 
eo 
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FIGURE 6. CAPACITANCE vs COLLECTOR-TO-EMITTER 
VOLTAGE 


400 


Ic = 20A, Vge = 10V, Vee;cip) = 300V 
L = 25H, Rg = 252 


to(orry, SWITCHING TIME (ns) 


+25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 8. TYPICAL TURN-OFF DELAY TIME 
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HGTG20N50C1D 


Typical Performance Curves (Continued) 


Worr =! Io * Voedt — 
Sis os 


Ic = 10A, Vge = 10V, Voecip) = 300V 
L = 25yH, Rg = 252 


te), FALL TIME (ns) 


Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 10. TYPICAL FALL TIME (Ic = 10A) 


Ic = 20A, Vee = 10V, Veercip) = 300V 
L = 25uH, Rg = 252 


Voe = 10V, Vee(cip) = 300V 
L = 25yH, Reg = 252 


te), FALL TIME (ns) 
Worr, TURN OFF ENERGY (mJ) 


+25 +50 +75 +100 +125 +150 +25 +50 +75 +100 +125 +150 
Ty, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 11. TYPICAL FALL TIME (Ic = 20A) FIGURE 12. TYPICAL CLAMPED INDUCTIVE TURN-OFF 
SWITCHING LOSS/CYCLE 


Voge, GATE-EMITTER VOLTAGE (V) 
t, RECOVERY TIMES (ns) 

a a 

i=) oO 
ee ee 
a om 
ae 
| 
i 


AWS 
PTNALLELIJN milli 
ee TIME (18) 80 a. ° 
Rican ‘ Pine cael 
Tuner laqact) lec, EMITTER-COLLECTOR CURRENT (A) 


NOTE: For Turn-Off gate currents in excess of 3MA. Vcg Turn-Off 
is not accurately represented by this normalization. 
FIGURE 13. NORMALIZED SWITCHING WAVEFORMS AT CON- FIGURE 14. TYPICAL trp, ta, tg vs FORWARD CURRENT 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


Voce, COLLECTOR-EMITTER VOLTAGE (V) 


3-74 


+25 +50 +75 +100 +125 +150 


HGTG20N50C1D 


Typical Performance Curves (Continued) 
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Test C. 


SLd€dI 


Ry = 4Q 


> 
=) 
© 


Reg = 1/Reen + Ree 


Veg (CLP) = 
300V 


bl | 


Reen = 502 


FIGURE 16. INDUCTIVE SWITCHING TEST CIRCUIT 
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FARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 

e 20A, 400V and 500V 

° VcE(ON) 2-5V Max. 

° Tract 1S, 0.5us 

¢ Low On-State Voltage 
¢ Fast Switching Speeds 
¢ High Input Impedance 


e Anti-Parallel Diode 


Applications 
¢ Power Supplies 
¢ Motor Drives 


e Protective Circuits 


Description 


The HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C1D, 
and HGTH20N50E1D are n-channel enhancement-mode 
insulated gate bipolar transistors (IGBTs) designed for high 
voltage, low on-dissipation applications such as switching 
regulators and motor drivers. They feature a discrete anti- 
parallel diode that shunts current around the IGBT in the 
reverse direction without introducing carriers into the 
depletion region. These types can be operated directly from 
low power integrated circuits. 


HGTH20N40C 1D, HGTH20N40E1D, 
HGTH20N50C1D, HGTH20N50E1D 


20A, 400V and 500V N-Channel IGBTs 
with Anti-Parallel Ultrafast Diodes 


Package 
JEDEC TO-218AC 
COLLECTOR COLLECTOR 
(FLANGE) GATE 
Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
C 
| 
E 
PACKAGING AVAILABILITY 
PART NUMBER | PACKAGE BRAND 
HGTH20N40C1D | TO-218AC G20N40C1D 
HGTH20N40E1D | TO-218AC G20N40E1D 


HGTH20N50C1D TO-218AC G20N50C1D 
HGTH20N50E1D TO-218AC G20N50E1D 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings Tc. = +25°C, Unless Otherwise Specified 


Collactor-Emiller VONGQG 162i inci anadacdae ec endda vows dues 
Collector-Gate Voltage Reg = 1MQ..... 6. eee eee 
CAMSrSUOUNS! VOUROE o base conv crek rie do ese eene eee eieebises 
Collector Current Continuous. .... 0.0... 0.0... cee eee eee 
WONecior GUITSNE FUSED oc cicws suisse wien ieee ds case eae eens s 
Diode Forward Current Continuous at To = +25°C ............... 

at Ty = +90°C iC OBR eRe ww! ew ae 
Power Dissipation Total at To = +25°C 0... ee eee 
Power Dissipation Derating To > +25°C «0... eee eee 
Operating and Storage Junction Temperature Range............. 


HGTH20N40C1D HGTH20N50C1D 
HGTH20N40E1D HGTH20N50E1D _—sUNITS 
batees Vers 400 500 V 
pean —_ 400 500 V 
onues Ver +20 +20 V 
iayeewes is 20 20 A 
aieues long 35 35 A 
eaece = 35 35 A 
cauis Ire0 20 20 A 
pe hacees Pp 100 100 Ww 
sedaanawd 0.8 0.8 wc 
Ty, Tstg —--55 to +150 -55 to +150 °C 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


Copyright © Harris Corporation 1995 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598 461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2271 4 


Specifications HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C 1D, HGTH20N50E1D 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


Turn-Off Energy Loss per Cycle 
(Off Switching Dissipation = Worf x 
Frequency) 


qc 


40E1D, 50E1D 


40C1D, 50C1D 


5 = 
1 a 


HGTH20N50C1D, 
HGTH20N40E1D | HGTH20N50E1D 
PARAMETERS SYMBOL | TEST CONDITIONS | MIN | MAX | | MIN, | MAX UNITS 
Zero Gate Voltage Collector Current IcEs Voce =400V, To=425°C Jo - 250 re es 
recaonrnere {= 
Recarecoase] fe ff 
Ce A 
Collector-Emitter On Voltage VCE(ON) ic=20AVee=tov =f - | 25 f - | 28 [ov | 
Turn-On Delay Time lo = 20A, Veecip) = 300V, p= | 80 p= | 80 Tons | 
L = 25uH, T = +100°C, 
ee 
Fall Time te; 
40E1D, 50E1D a 1000 g)m [= 
(Typ) 
40C1D, 50C1D 500 400 el be 
(Typ) 
Zz 


Worr lo = 20A, VCE(CLP) = 300V, 
L = 25pH, Ty = +100°C, 
Voge = 10V, Rg = 252 
1810 (Typ) UL 
1070 (Typ) 
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HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C 1D, HGTH20N50E1D 


Typical Performance Curves 


40 


(cit wn ee 
35 
| tt TREE LL 
30 Lad _ 
et tt LE TEN EL 
Pt tte EN 


Ice, COLLECTOR CURRENT (A) 
RO 
So 

RATED POWER DISSIPATION (%) 


-75 -50 -25 O +25 +50 +75 +100 +125 +150 +175 0 +25 +50 +75 +100 +125 +150 
T,, JUNCTION TEMPERATURE (°C) Tc, CASE TEMPERATURE (°C) 
FIGURE 1. MAX. SWITCHING CURRENT LEVEL. Rg = 50Q, FIGURE 2. POWER DISSIPATION vs TEMPERATURE 
Voge = OV ARE THE MIN. ALLOWABLE VALUES DERATING CURVE 


35 
Vce = 10V, PULSE TEST 


PULSE DURATION = 80u8 
DUTY CYCLE = 0.5% MAX 


30 


25 


20 


log, COLLECTOR CURRENT (A) 


NORMALIZED GATE THRESHOLD VOLTAGE (V) 
S 


_ {| | 
a a 
_ {| | 
en a 
PA 
hh ae 
ma ae 


| 

15 

0.9 ~ 
10 

0.8 > 

0.7 S 

-50 0 +50 +100 +150 0 2.5 5.0 7.5 10 
TJ, JUNCTION TEMPERATURE (0C) Vge, GATE-TO-EMITTER VOLTAGE (V) 


FIGURE 3. TYPICAL NORMALIZED GATE THRESHOLD VOLT- FIGURE 4. TYPICAL TRANSFER CHARACTERISTICS 
AGE vs JUNCTION TEMPERATURE 


Ice, COLLECTOR CURRENT (A) 
Ice, COLLECTOR CURRENT (A) 


FIGURE 5. TYPICAL SATURATION CHARACTERISTICS FIGURE6. TYPICAL COLLECTOR-TO-EMITTER ON-VOLTAGE 
vs COLLECTOR CURRENT 
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HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C1D, HGTH20N50E1D 


Typical Performance Curves (continued) 


C, CAPACITANCE (pF) 


a ae as ae 
eon Veen 


0 10 20 30 40 50 +25 +50 +75 +100 +125 +150 


VcE(on), COLLECTOR-EMITTER VOLTAGE (V) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) Ty, JUNCTION TEMPERATURE (°C) 
FIGURE 7. CAPACITANCE vs COLLECTOR-TO-EMITTER FIGURE 8. TYPICAL VceEon) Vs TEMPERATURE 
VOLTAGE 


— 
ee ee 


J vet ret tT tt 


Ic = 20A, Voe = 10V, VcE(CLP) = 300V 
L = 25u1H, Rg = 250 


2 
fea) 
C 


to(orry» TURN OFF DELAY TIME (ns) 


+25 +50 +75 +100 +125 +150 


= 
——- 
at | | NO 
Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 9. TYPICAL TURN-OFF DELAY TIME FIGURE 10. TYPICAL INDUCTIVE SWITCHING WAVEFORMS 


Ic = 10A, Vge = 10V, Veeicip) = 300V 
L = 25y1H, Rg = 252 


40E1D/50E1D 
a 


te;, FALL TIME (ns) 
te;, FALL TIME (ns) 


a ae 
_— 
| 
{| | 
a a 


+25 +5 5 +100 +125 +150 +25 +50 +75 +100 +125 +150 
T,, JUNCTION TEMPERATURE (°C) Ty, JUNCTION TEMPERATURE (°C) 


FIGURE 11. TYPICAL FALL TIME (Ic = 10A) FIGURE 12. TYPICAL FALL TIME (Ic = 20A) 
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HGTH20N40C1D, HGTH20N40E1D, HGTH20N50C 1D, HGTH20N50E1D 


Typical Performance Curves (continued) 


1000 500 
= 900 - 
2 = 
3 a at ete = 
= Ww 
s = VOLTAGE 9 
Oo 600 = ~ o = 
wi 250 
z Lu > 
= 500 E cc 
i 400 = = 
9 5 i: 
z c = 
© 300 © 125 7 
= © a 
"200 uw o 
: 3 F 
= 100 bs) 8 
. a 
- IG(REF) IG(REF) 
+25 +50 +75 +100 +125 +150 sgl an TIME (us) 80 , 
G(ACT) G(ACT) 


ie] 
AOE es epee nen A NOTE: For Turn-Off gate currents in excess of 3MA. Vcog¢ Turn-Off 


is not accurately represented by this normalization. 


FIGURE 13. TYPICAL CLAMPED INDUCTIVE TURN-OFF FIGURE 14. NORMALIZED SWITCHING WAVEFORMS AT CON- 
SWITCHING LOSS/CYCLE STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


TYPICAL REVERSE RECOVERY TIME 


dieg/dt > 100A/us 
Vr = 30V, Ty = +25°C 


lec, EMITTER COLLECTOR CURRENT (A) 
tag, REVERSE RECOVERY TIME (ns) 


0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 0 2 4 6 8 10 12 14 16 18 20 
Vec, EMITTER-COLLECTOR VOLTAGE (V) lec, EMITTER-COLLECTOR CURRENT (A) 
FIGURE 15. TYPICAL DIODE EMITTER-COLLECTOR FIGURE 16. TYPICAL DIODE REVERSE RECOVERY TIME 
VOLTAGE vs CURRENT 


Test Circuit 


Ry = 4Q 


Vv —_ 
Rg = 1/Roen + W/Ree co = ‘T00v 
| 


VceE(CLP) = 
300V 


Ree = 502 


rwrwrew ew @& = = 


FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUIT 
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HARRIS 


SEMICONDUCTOR 


HGTP20N60B3 


40A, 600V, UFS Series N-Channel IGBT 


1H 


March 1995 


Features 


40A, 600V at Tc = +25°C 

e Square Switching SOA Capability 
¢ Typical Fall Time - 140ns at +150°C 
e Short Circuit Rated 

e Low Conduction Loss 


Package 


JEDEC TO-220AB 


Description 


The HGTP20N60B3 is a MOS gated high voltage switching 
device combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a MOS- 
FET and the low on-state conduction loss of a bipolar transistor. 
The much lower on-state voltage drop varies only moderately 
between +25°C and +150°C. 


The IGBT is ideal for many high voltage switching applications 
operating at moderate frequencies where low conduction losses 
are essential, such as: AC and DC motor controls, power sup- 
plies and drivers for solenoids, relays and contactors. G 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 7 
HGTP20N60B3 TO-220AB G20N60B3 


NOTE: When ordering, use the entire part number. 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
Cc 


2 
fea) 
© 


Formerly Developmental Type TA49050. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


HGTP20N60B3 UNITS 

Collector Enter VONAGE). < 2 2. nces ce vevsve ders estat gates ees eeceted ane BVces 600 V 
Collector-Gate Voltage, Aor @ IMG. ..< ..<2cce cei ccvesestactastnaceaewees BVccr 600 V 
Collector Current Continuous | 

At Tc = +25°C TLcrerri re eee ee ee Oe er ee ee ee ee ee ee los 40 A 

At To = +110°C FAST SSTA RATS HAS OTH SH HAST VATS ERED HERVE SHE BEE lo110 20 A 
Collector Current Pulsed (NOI 1) «is scssscscncccavnenvcsanens sean ens eee es lom 160 A 
Gele-Emiier Voltage Conunuaus. . ...isanicrvace snr iw cnn neta v sewers ewes VoaeEs +20 V 
Gate-Emider Vollage Pulsed 5.2. .20.02c2c<ecccsewsderansctecere eon pes VGemM +30 V 
Switching Safe Operating Area at Tc = +150°C. 0... eee SSOA 80A at 0.8 BVcEs 
Power Dissipation Total at To @ 426°C .iccccccnsstnadusorsin cards eens ness Pp 165 W 
Power Dissipation Oeraling Te > 425°C .2ccscccesavavsesuevevenannenw enn e wes 1.32 wc 
Operating and Storage Junction Temperature Range..................... Ty, TstG -40 to +150 °C 
Maximum Lead Temperature for Soldering ........... 0.000 c cee eee eee eee Te 260 "C 
Short Circuit Withstand Time (Note 2) at Vgeg = 15V .. 2. eee tsc 4 us 
Short Circuit Withstand Time (Note 2) at Vge = 10V.... eee eee tsc 10 us 
NOTE: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
Z. VcE(PK) = 360V, Tc = +125°C, Ree = 250. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 3-84 


File Number 3723.1 


Specifications HGTP20N60B3 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 


TYP UNITS 


nD 
on 
o 

= 
> 


ro) 
3 
> 


Collector-Emitter Saturation Voltage 


foe) 
NO 
oO 


ie) 
ine) 
oa 


oi 
oO 


Gate-Emitter Threshold Voltage VGE(TH) Io = 250pA, To = +25°C 
Vce = Vee 


Gate-Emitter Leakage Current Voge = +20V 


Latching Current IL To = +150°C 
VcE(PK) = 0.8 BVces 
Vge= 15V 
Rg = 102 
L = 45uH 


+100 nA 


Gate-Emitter Plateau Voltage lo =Io110) Voce = 0.5 BVcEs 


On-State Gate Charge Qgon) lo = lo110) VGE = 15V 
Vor = 0.5 BV crs 
Voce = 20V 


Current Turn-On Delay Time To = 150°C 
Ice = !c110 

Current Rise Time pt VcE(PK) = 0.8 BVceEs 
5V 


— 
oO 
uo 
S 


_— 
Ww 
on 
=! 


N 
i) 


—_ 
. . . 
— 


ye) 
(2) 


Current Turn-Off Delay Time Re= 102 220 275 
L = 100ynH 
Current Fall Time pte 140 | 200 


qe 


te 
cn 


NOTE: 


1. Turn-off Energy Loss (Eorr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = 0A) The HGTP20N60B3 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


oO 
Ss“ 
(o>) 

° 
O 
= 


aE: 
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HGTP20N60B3 


Typical Performance Curves 


PULSE DURATION = 250us V, 
DUTY CYCLE <0.5%, Vege = 10V / 
vill 


PULSE DURATION = 2501s, DUTY CYCLE <0.5%, Te = +25°C 
100 


80 


To = +150°C 


60 


40 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


S 6 8 10 12 
Voge, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS 


PULSE DURATION = 250s / 
DUTY CYCLE <0.5%, Vgg = 15V 


2 
an 
= 


Ice, COLLECTOR-EMITTER CURRENT (A) 


Ice, DC COLLECTOR CURRENT (A) 


+25 +50 +75 +100 +125 +150 


Tc, CASE TEMPERATURE (°C 
c C) Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. COLLECTOR-EMITTER ON - STATE VOLTAGE 


Ig REF = 1.685mA, R,_ = 309, Tc = +25°C 


t-2) 
i=] 
i=) 


240 


C, CAPACITANCE (pF) 


Voce, COLLECTOR - EMITTER VOLTAGE (V) 
8 
i] 
Vge, GATE-EMITTER VOLTAGE (V) 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) Qg, GATE CHARGE (nC) 
FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. GATE CHARGE WAVEFORMS 
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HGTP20N60B3 


Typical Performance Curves (continued) 


torony» TURN-ON DELAY TIME (ns) 
to(orry» TURN-OFF DELAY TIME (ns) 


Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 7. TURN-ON DELAY TIME AS A FUNCTION OF FIGURE 8. TURN-OFF DELAY TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 


1000 
Ty = +150°C, Rg = 100, L = 100uH 
-_ ee eee 
ig || | Veep) = 480V, Vge = 15V 
2 = LL 
er 
F 100 +— 7 il 
= =| a eT 
1°) < cat Merete, 
ce dl 
Fa Te ek Ree 
P = et 
# a 
wl _L 
log, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 9. TURN-ON RISE TIME AS A FUNCTION OF FIGURE 10. TURN-OFF FALL TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 
1400 
T, = +150°C, Rg = 100, L = 100yH PP] 5 
a 1200 = 
3 om _| | | | | | | § 
1000 1 VA : 
> Vce(pK) = 480V, Voce = 15V . (o} 
rd 800 be Z| rf 
= oot | | | | LA 
z 
ERE ane: 
= 400 ra Fa 
; = 
3 200 § 
0 
Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 11. TURN-ON ENERGY LOSS AS A FUNCTION OF FIGURE 12. TURN-OFF ENERGY LOSS AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 
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HGTP20N60B3 


Typical Performance Curves (continued) 


500 


Ty = +1 50°C, Tc = +75°C, Vee = +15V 
Rg = 102, L = 100uH 


fuax1 = 9.05/(tp(orry + tron)! 
fwax2 = (Pp - Po)MEon + Eorr) 
Pp = ALLOWABLE DISSIPATION 
= CONDUCTION DISSIPATION 
(DUTY FACTOR = 50%) 


Rouc = 0.76°C/W 


fuax, OPERATING FREQUENCY (kHz) 


10 
5 10 20 30 40 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 13. OPERATING FREQUENCY AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


ig== a = 
Sess asin — 
eau 
nase 


ot 
— ie 
a1 ae 


Zejc, NORMALIZED THERMAL 
RESPONSE (°C/W) 


SINGLE PULSE —— ==> 
. a ae) eee] a 


Sart 


To = +150°C, Ver = 15V, Rg = 100, L = 45yH 


Ice, COLLECTOR-EMITTER CURRENT (A) 


0 100 200 300 400 500 600 
Voce, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 14. SWITCHING SAFE OPERATING AREA 


it 


DUTY FACTOR, D = t, /t, 
PEAK Ty= (Pp Xx Zouc X Resc) + Tc 


t;, RECTANGULAR PULSE DURATION (s) 
FIGURE 15. IGBT NORMALIZED TRANSIENT THERMAL IMPEDANCE, JUNCTION TO CASE 


Operating Frequency Information 


Operating frequency information for a typical device 
(Figure 13) is presented as a guide for estimating device 
performance for a _ specific application. Other typical 
frequency vs collector current (Icg) plots are possible using 
the information shown for a typical unit in Figures 4, 7, 8, 11 
and 12. The operating frequency plot (Figure 13) of a typical 
device shows fryax1 OF fyaxe Whichever is smaller at each 
point. The information is based on measurements of a 
typical device and is bounded by the maximum rated junc- 
tion temperature. 


fax is defined by fMAX14 = 0.05/(tp(orF)it tp(on)))- Deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possi- 
ble. tD(OFF)I and to(on)! are defined in Figure 17. 


Device turn-off delay can establish an additional frequency 
limiting condition for an application other than T jax: to(orF)i 
is important when controlling output ripple under a lightly 
loaded condition. 


fMaxe is defined by fMaxe = (Pp - Pco)(Eorr + Eon): The allow- 
able dissipation (Pp) is defined by Pp = (T ymax - Tc)/Resc- 


The sum of device switching and conduction losses must not 
exceed Pp. A 50% duty factor was used (Figure 13) and the 
conduction losses (Pc) are approximated by Pc = (Vc_ X Icg)/2. 


Eon and Eorr are defined in the switching waveforms 
shown in Figure 17. Eon is the integral of the instantaneous 
power loss (Ice xX Voge) during turn-on and Eo rr is the inte- 
gral of the instantaneous power loss (Ice X Veg) during turn- 
off. All tail losses are included in the calculation for Eorr; i.e. 
the collector current equals zero (Ic¢ = 0). 


3-85 


& 
cn 
9 


HGTP20N60B3 


Test Circuit 


L = 100yH 


RHRP3060 


FIGURE 16. INDUCTIVE SWITCHING TEST CIRCUIT 


Handling Precautions for IGBT’s 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application proce- 
dures, however, IGBT’s are currently being extensively used 
in production by numerous equipment manufacturers in mili- 
tary, industrial and consumer applications, with virtually no 
damage problems due to electrostatic discharge. IGBT’s can 
be handled safely if the following basic precautions are 
taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “tECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


FIGURE 17. SWITCHING TEST WAVEFORMS 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 
Circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage rat- 
ing of Vgem. Exceeding the rated Vcr can result in per- 
manent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are es- 
sentially capacitors. Circuits that leave the gate open-cir- 
cuited or floating should be avoided. These conditions 
can result in turn-on of the device due to voltage buildup 
on the input capacitor due to leakage currents or pickup. 


7. Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate pro- 
tection is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 
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FARRIS 


SEMICONDUCTOR 


HGTG20N60B3D 


40A, 600V, UFS Series N-Channel IGBT 
with Anti-Parallel Hyperfast Diode 


May 1995 


Features 

° 40A, 600V at Tc = +25°C 

¢ Typical Fall Time - 140ns at +150°C 
¢ Short Circuit Rated 

e Low Conduction Loss 

Hyperfast Anti-Parallel Diode 


Description 


The HGTG20N60BS3D is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low on- 
state conduction loss of a bipolar transistor. The much lower on-state 
voltage drop varies only moderately between +25°C and +150°C. The 
diode used in anti-parallel with the IGBT is the RHRP3060. 


The IGBT is ideal for many high voltage switching applications oper- 
ating at moderate frequencies where low conduction losses are 
essential. 


Package 


JEDEC STYLE TO-247 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Cc 
| 
E 


) 
m 
o 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
HGTG20N60B3D TO-247 G20N60B3D 


NOTE: When ordering, use the entire part number. 
Formerly Developmental Type TA49016. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


HGTG20N60B3D UNITS 

DOlSCIGP EMO. VONAIS 295 ccs 0 5 een 6 a6 ee reeds CETTE REE ORO OREN ES ERA DS BVces 600 V 
Collector-Gate Voltage, Reg = 1MO. ... cece cece en eeweneneveunnaas BVcer 600 V 
Collector Current Continuous 

At To = +25°C SP RHCCOCKI TSE THOS HHI CHD M HSH SHIRA TASTES HRSG R HOD loos 40 A 

We Te AVE Oe ow nh 0 o4GS 289 S 2 ONs Vado deka ers COKER WEROREOReUR ROWE lo110 20 A 
Average Diode Forward Current at +110°C 0.2... eee eee eee (AVG) 20 A 
Collector Conrent Pulsed (Note 1) 4 .0cs 745 cess ¥aee cnn ebaneewessaetvaeneere lom 160 A 
Gate-Emitter Vollage COntNUOUS. . 2. cic cee sees caer nese ere eee a eee es VoGeEs +20 V 
Gate-Eniliter Voltage Pulsed. ...6.ccicconew io eee rar meee ence eeieunreurs VGEM +30 V 
Switching Safe Operating Area at Tc = +150°C.. 6... eee ee SSOA 80A at 0.8 BVcEs 
Power Dissipation Total at To = +25°C 2... cee eee teen eee Pp 165 W 
Power Dissipation Derating Tc > +25°C «0... eee teen eee 1.32 Ww/°C 
Operating and Storage Junction Temperature Range..................04. Ty, Tste -40 to +150 °C 
Maximum Lead Temperature for Soldering ......... 0.0... cc cee eee eee TL 260 “6 
Short Circuit Withstand Time (Note 2) at Vgg = 15V .. 6. eee eee tsc 4 Us 
Short Circuit Withstand Time (Note 2) at Vge = 10V...... ee eee eee tsc 10 Us 
NOTE: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VcE(PK) = 360V, Tc oS +125°C, Roe = 250. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 3.87 


File Number 3739.2 


Specifications HGTG20N60B3D 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN: | TYP | MAX | UNITS 


[comarennerseacomvene [vem [ecaoavern™ [wo [ [|v 
Collector-Emitter Leakage Current ICES Voce = BVces pTo=+25c | - | - | 250 | ua 
[Nees Bvoes | Towsore | || 20 | mt 

Collector-Emitter Saturation Voltage VcE(SAT) lo =Ie440; 2.0 V 


Voge = 15V 
To = +150°C 


ae 
Gate-Emitter Threshold Voltage VGE(TH) Io = 250pA, To = +25°C 3.0 
Voce = Vee 


Gate-Emitter Leakage Current Vee = +20V 


Latching Current IL To = +150°C, 
VcE(PK) = 9-8 BVces 


Voge = 15V, 
Rg = 102, 


Gate-Emitter Plateau Voltage lo =Io110, Voce = 0.5 BVceEs 
On-State Gate Charge lo =Ic110, Voge = 15V 
Voge = 0.5 BVcEs 


To = +150°C, 
Ice =lo110 


V 
V 


2.5 


+100 nA 


CIE: 


c 
al 


3 


Cc 


Diode Reverse Recovery Time lec = 20A, dle-/dt = 100A/us 
lec = 1A, dlec/dt ae 100A/us 


Thermal Resistance 


° 
O 
= 


oO - 
i] oS co) 


NOTE: 


1. Turn-off Energy Loss (Eorr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = 0A) The HGTG20N60B3D was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 
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HGTG20N60B3D 


Typical Performance Curves 


PULSE DURATION = 250s V, 
DUTY CYCLE <0.5%, Vog = 10V I 


PULSE DURATION = 2501s, DUTY CYCLE <0.5%, Tc = +25°C 


100 


80 ; 


Tc = +1 50°C 


60 


40 


20 


log, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


4 6 8 10 12 
Voge, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS 


100 
PULSE DURATION = 250us 
DUTY CYCLE <0.5%, Vg = 15V 


o 
So 


2 
faa] 
So 


20 


Ice, DC COLLECTOR CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


+25 +50 +75 +100 4125 +150 Pe : : : : ; 
Tc, CASE TEMPERATURE (°C) Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. COLLECTOR-EMITTER ON-STATE VOLTAGE 
= = a ° 
— Ig REF = 1.685mA, R, = 300, Tg = +25°C 


Vge, GATE-EMITTER VOLTAGE (V) 


C, CAPACITANCE (pF) 
NO 
[=] 
So 
o 
Voge, COLLECTOR - EMITTER VOLTAGE (V) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) Qg, GATE CHARGE (nC) 
FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. GATE CHARGE WAVEFORMS 
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HGTG20N60B3D 


Typical Performance Curves (Continued) 


100 


toon)» TURN-ON DELAY TIME (ns) 
to(oFF) TURN-OFF DELAY TIME (ns) 


Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 7. TURN-ON DELAY TIME AS A FUNCTION OF FIGURE 8. TURN-OFF DELAY TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 


1000 


Ty= +150°C, Re =10Q L=100uH —— 
enn eee 
= me eR 
= es aE 
Ww = = 
= c 
F wy 
D = 
x Fe 4100 
z = 
> < 
= é 
- 
£ 
10 
Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 9. TURN-ON RISE TIME AS A FUNCTION OF FIGURE 10. TURN-OFF FALL TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 


Eon, TURN-ON ENERGY LOSS (j:J) 
Eorr, TURN-OFF ENERGY LOSS (iJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 11. TURN-ON ENERGY LOSS AS A FUNCTION OF FIGURE 12. TURN-OFF ENERGY LOSS AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 


3-90 


HGTG20N60B3D 


Typical Performance Curves (continued) 


Ty = +150°C, Tp = +75°C, Vgg = +15V 
Rg = 102, L = 100uH 


fuaaxi = 0.05/(tp,orFy o toon) 
fuax2 = (Pp - PoV(Eon +Eorr) 

Pp = ALLOWABLE DISSIPATION 
Pc = CONDUCTION DISSIPATION 
(DUTY FACTOR = 50%) 

Roc = 0.76°C/W 


Ic¢g, COLLECTOR-EMITTER CURRENT (A) 


fuax» OPERATING FREQUENCY (kHz) 


Ice, COLLECTOR-EMITTER CURRENT (A) Voce, COLLECTOR-EMITTER VOLTAGE (V) 


FIGURE 13. OPERATING FREQUENCY AS A FUNCTION OF FIGURE 14. SWITCHING SAFE OPERATING AREA 
COLLECTOR-EMITTER CURRENT 


- — 
— _- on DE GG TS Eh 6 CS ED Oe Ge) Oe 
wee) as ee oes ee GS 


2 
ma 
Oo 


— wee 


oie 
poses 
= —oe8 
—==- ee ee ee wee 
Sa - 2S 2S SS SEE eR aS) SOR ee EO 


—— — 
BE 0 9 > GS SSS OE ES Ss as a 
J 


Zeyc, NORMALIZED THERMAL 
RESPONSE (°C/W) 


Sr 

10°? 2 | ce | | 
Sa heretic semen mee me me mr DUTY FACTOR, D = t, / t, = Se SS Sasi 
he on ee ee Cee 

woo LL LT ET fill ell 


105 104 10°3 10°? 1071 10° 10! 
t;, RECTANGULAR PULSE DURATION (s) 
FIGURE 15. IGBT NORMALIZED TRANSIENT THERMAL IMPEDANCE, JUNCTION TO CASE 


lec, FORWARD CURRENT (A) 
tp, RECOVERY TIMES (ns) 


0 0.5 1.0 1.5 2.0 2.5 
Vec, FORWARD VOLTAGE (V) lec, FORWARD CURRENT (A) 
FIGURE 16. DIODE FORWARD CURRENT AS A FUNCTION OF FIGURE 17. RECOVERY TIMES AS A FUNCTION OF FORWARD 
FORWARD VOLTAGE DROP CURRENT 
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HGTG20N60B3D 


Test Circuit and Waveforms 


L = 100uH 


RHRP3060 


FIGURE 18. INDUCTIVE SWITCHING TEST CIRCUIT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 13) 
is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg¢) plots are possible using the information shown 
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating 
frequency plot (Figure 13) of a typical device shows fyayx 4 or 
fuaxe Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMaAX1 is defined by fMaAx4 a 0.05/(to(oFF)I - tp(ony!): Dead- 
time (the denominator) has been arbitrarily held to 10% of 
the on- state time for a 50% duty factor. Other definitions are 
possible. tp(orFy) ANd toon) are defined in Figure 19. 


Device turn-off delay can establish an additional frequency 
limiting condition for an application other than T jyax- to(orF)! 
is important when controlling output ripple under a lightly 
loaded condition. 


fMaxe is defined by fMax2 = (Pp " Pco)/(Eorr + Eon). The 
allowable dissipation (Pp) is defined by Pp = (Tynax - Tc)/ 
Rejc. The sum of device switching and conduction losses 
must not exceed Pp. A 50% duty factor was used (Figure 13) 
and the conduction losses (Pc) are approximated by 


Po = (Voce xX Iog)/2. 


Eon and Eorr are defined in the switching waveforms shown 
in Figure 19. Eon is the integral of the instantaneous power 
loss (Ice X Veg) during turn-on and Eo rr is the integral of the 
instantaneous power loss during turn-off. All tail losses are 
included in the calculation for Eorr; i.e. the collector current 
equals zero (Icg¢ = 0). 


FIGURE 19. SWITCHING TEST WAVEFORMS 


Handling Precautions for IGBT’s 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and discharge procedures, 
however, IGBT’s are currently being extensively used in pro- 
duction by numerous equipment manufacturers in military, 
industrial and consumer applications, with virtually no dam- 
age problems due to electrostatic discharge. IGBT’s can be 
handled safely if the following basic precautions are taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as t“ECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, the 
hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from cir- 
Cuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage rat- 
ing of Vgem. Exceeding the rated Vcr can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essen- 
tially capacitors. Circuits that leave the gate open-circuited 
or floating should be avoided. These conditions can result 
in turn-on of the device due to voltage buildup on the input 
capacitor due to leakage currents or pickup. 


7. Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate pro- 
tection is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 
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FARRIS 


SEMICONDUCTOR 


May 1995 


Features 


e 34A, 1000V 
Latch Free Operation 
Typical Fall Time 520ns 
High Input Impedance 
Low Conduction Loss 


COLLECTOR 
(BOTTOM SIDE 


Description 


The HGTG20N100D2 is a MOS gated high voltage switching 
device combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a MOS- 
FET and the low on-state conduction loss of a bipolar transistor. 


Package 


HGTG20N100D2 


20A, 1000V N-Channel IGBT 


JEDEC STYLE TO-247 


COLLECTOR 


The much lower on-state voltage drop varies only moderately | Terminal Diagram 


between +25°C and +150°C. 


IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are essen- 
tial, such as: AC and DC motor controls, power supplies and 
drivers for solenoids, relays and contactors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
HGTG20N100D2 | TO-247 G20N100D2 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Collector-Emitter Voltage 
Collector-Gate Voltage Ree = 1MQ 
Collector Current Continuous at Tc = +25°C 
at To = +90°C 
Collector Current Pulsed (Note 1) 
Gate-Emitter Voltage Continuous 
Gate-Emitter Voltage Pulsed 
Switching Safe Operating Area at Ty = +150°C 
Power Dissipation Total at To = +25°C 
Power Dissipation Derating Tg > +25°C 
Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering 
(0.125 inch from case for 5 seconds) 
Short Circuit Withstand Time (Note 2) at Vege = 15V 
at VoGE = 10V 
NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VCE(PEAK) = 600V, Tc = +125°C, Roe = 250. 


N-CHANNEL ENHANCEMENT MODE 


Cc 


2 
a 
© 


HGTG20N100D2 
1000 
1000 
34 
20 
100 
+20 
+30 
100A at 0.8 BVces 
150 
1.20 
-55 to +150 
260 


3 
15 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


Copyright © Harris Corporation 1995 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


File Number 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 
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Specifications HGTG20N100D2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


Collector-Emitter Breakdown Voltage Ico = 250mMA, Veg = OV 1000 | = | = | V 


Collector-Emitter Leakage Voltage Ices To = +25°C | = | » | Bee | pA 
Voge = 0.8 BVces | To = +125°C a ie m 
Collector-Emitter Saturation Voltage VCE(SAT) lc =Icg0, To = +25°C | 34 | 38 | 


Lie 
se fz 
et 
Ze 


lo = logo; To = +25°C 
gE a0e To = +125°C 


VGE(TH) ic = — To = +25°C 3.0 
CE *GE 


Voge = +20V 


Gate-Emitter Threshold Voltage 


1 

9 
3 
2 
5 
1 

3 

0 
fF 


Gate-Emitter Leakage Current 
=z 
Le 
ee 


Gate-Emitter Plateau Voltage 


VGep Io =!c90, Voce = 0.5 BVcEs 


Qeion) Ic = logo: Voge = 15V 


L= 50yH, lo cS logo: Re = 25Q, 
Voce = 15V, Ty = +125°C, 
Voge = 0.8 BVces 


3. 
2. 
3. 
3. 
4. 
7 
On-State Gate Charge 
16 212 
Current Turn-On Delay Time 10 
Current Rise Time 
Current Turn-Off Delay Time 


am 
= 
380 


to(oFF)I 
Current Fall Time 


Turn-Off Energy (Note 1) 


Ww 
N 


Current Turn-On Delay Time L = 50uH, Io =Ie99, Rg = 25Q, 
VGE = 10V, Ty = +#125°C, 


1.0 

3.8 

3.6 

4.1 

4.0 

160 

650 

680 
=z 
ss aoe 
i 
= 


toon)! 
Current Rise Time 


Current Turn-Off 


= 
= mil 
mil 


= 
Tar 


NOTE: 1. Turn-off Energy Loss (Wo rr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = OA) The HGTG20N100D2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


to(OFF)I 
Current Fall Time 


Turn-Off Energy (Note 1) 


- 
a 


A 
nA 
V 
nC 
nC 
mJ 
mJ 


w 
N 


WorF 


° 
O 


Thermal Resistance 


Typical Performance Curves 


PULSE DURATION = 250us 


40 = DUTY CYCLE < 0.5%, To = +25°C 
~~ PULSE DURATION = 250us = 
= DUTY CYCLE < 0.5%, Vog = 10V : 
Lu 
30 = 
= ec 
oO = 
fee (S) 
Ww c 
E wi 
s 20 E 
ii = 
3 + 
) « 
© 2 
= 10 7 
re) = 
5) re} 
a oO 
2 i 
0 a) 
0 2 4 4 8 10 
Ve, GATE-TO-EMITTER VOLTAGE (V) Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG20N100D2 


Typical Performance Curves (Continued) 


Voce = 800V, Ty = +1 50°C, 


Voge = 15V, Rg = 250, L = 50uH 


< 

Ww ~ 
E 3 
e) = 
oo = 
S) r 
- al 
a < 
: . 
re} & 
oO 
oO 

Q 

iw 

a) 

+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


6000 1000 
= 
Wu 
ro) = 
5000 < = is 
~ — 750 Oo - 
ra ° < an) 
uw 4000 - a 1} 
Tt c (eo) a 
3) ui > 
3 2 rs 
s 3000 = 50 E 
= S 0.75 BVces 0.75 BVcgs in 
5 2000 O 0.50BVces 0.50 BVces = 
= 250 0.25BVces 0.25 BVces Oo 
re) ui 
100 g a E 
oO 
> 


COLLECTOR-EMITTER VOLTAGE J Jhk\ 


IG(REF) P IG(REF) 


TIME (us) 


8 
Vcg, COLLECTOR-TO-EMITTER VOLTAGE (V) lecacty lecacn) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 


10 


1.0 


eee ee 2 eee ee ee 
ees ee os ee A ee 


eee ee 
LM Vce=400V,Vge=10V,15V | | | 


Wr an Be 
ee 
1 10 40 


Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 


VcE(on), SATURATION VOLTAGE (V) 
Worr, TURN-OFF SWITCHING LOSS (mJ) 


FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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HGTG20N100D2 


Typical Performance Curves (Continued) 


Ty = +1 50°C 


fwax1 = 9-05Ap(oFF)I 
fuax2 = (Pp - PoVWorr 
Pc = DUTY FACTOR = 50% 


Ty = +150°C, To = +75°C, Voge = 15V 
Rg = 25, L = 50uH 


to(orR, TURN-OFF DELAY (is) 
Beall Se 
So | 


fop, OPERATING FREQUENCY (kHz) 
LAC 
atl 


— 


1 10 100 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Icg, COLLECTOR-EMITTER CURRENT (A) NOTE: 
Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 
FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
CURRENT EMITTER CURRENT AND VOLTAGE 


fry =s25°c 


| 7 


1 2 3 4 5 
VcE(on)» SATURATION VOLTAGE (V) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 


Test Circuit 


| 


rw f= wFs=rwee = = 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT 
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HGTG20N100D2 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (log) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fray or 
faaxe Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMaAx4 is defined by fMaAx4 = 0.05/to(oFF)- tb(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tp(orFy! iS defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tymax- tpiorry is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxe is defined by fyaxe = (Pp - Pc)/Worr. The allowable 
dissipation (Pp) is defined by Pp = (Tywax - Tc)/Reic. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Pc = (Veg @ Iog)/2. Woer is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Ic¢¢ = OA). 


The switching power loss (Figure 10) is defined as fryaxo 
Worr- Tum-on switching losses are not included because they 
can be greatly influenced by extemal circuit conditions and com- 
ponents. 
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FARRIS 


SEMICONDUCTOR 


April 1995 


Features 

e 34A, 1200V 

¢ Latch Free Operation 

¢ Typical Fall Time - 780ns 
¢ High Input Impedance 

¢ Low Conduction Loss 


Description 


The HGTG20N120E2 is a MOS gated, high voltage switch- 
ing device combining the best features of MOSFETs and 


TG20N120E2 


34A, 1200V N-Channel IGBT 


Package 
JEDEC STYLE TO-247 


EMITTER 
COLLECTOR 
GATE 


COLLECTOR 
(BOTTOM SIDE 
METAL) 


bipolar transistors. The device has the high input impedance 
of a MOSFET and the low on-state conduction loss of a 


bipolar transistor. The much lower on-state voltage drop 


varies only moderately between +25°C and +150°C. 


IGBTs are ideal for many high voltage switching applications 
operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 


The development type number for this device is TA49009. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 


Terminal Diagram 


Cc 
| 
E 


HGTG20N120E2 TO-247 G20N120E2 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Collector-Emitter Breakdown VOUag6. «4.20600 nscvesavcssatavenvesenewens BVces 1200 
Collector-Gate Breakdown Voltage Reg = 1MQ..... 6... ee eee eee BVcear 1200 


Collector Current Continuous 


At Tc = +25°C PSR HOCH THER S HLTH SHEESH AOR ROB DE HR ORE RDS ROMO * loos 34 

At To = +90°C TAS CHAGORMEED DDG DASS BERS De VRE ORS srk He Oe.& ata wes codices a lcoo 20 
Collector Currant Palsed (NOIR T) ia. 0scccevesneuedaseacacieen ns aH 64 ee eae ee lom 100 
Gate-Emiter Voltage Continuous. ....00 .6i00scseecseer nee sae none evew aver VGeEs +20 
Gate-Emilier VONAGE PUISE? 246 cise cic dsce Kose s etwas ivereseeaaeia wana s VGem +30 
BWC SOA GOTH F1SO GS chewed nbrencibdbaekbiheeudeaterinenyes SSOA 
Power Dissipation Total at To = +25°C 0... cece eee eee ees Pp 150 
Power Dissipation Dorating Te > 425°C 2c cscccccassedeeineenanteuenbawesens 1.20 
Operating and Storage Junction Temperature. .................0 00 cc eee Ty, Tste 
Maximum Lead Temperature for Soldering ............. 0c e eee ee eee eee rn 260 


(0.125" from case for 5 seconds) 
Short Circuit Withstand Time (Note 2) 


HGTG20N120E2 UNITS 


100A at 0.8 BVces 


-55 to +150 


SSSE+ << >>> << 


At VoGE VEY ans e saa ne vas DAde 02068 NASR AEE EES ELSE EERE ES EEO O% 6a On tsc 3 US 
At VoE TO oi oa eeu ie Rae bob ese eet eeanan BEd OES ede adtabeune tsc 15 LS 


NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


2. VCE(PEAK) = 720V, Tc = +125°C, Roe = 252 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


4,364,073 4,417,385 4,430,792 
4,587,713 4,598,461 4,605,948 
4,641,162 4,644,637 4,682,195 
4,794,432 4,801,986 4,803,533 
4,860,080 4,883,767 4,888,627 
4,969,027 
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4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 4,516,143 4,532,534 4,567,641 
4,620,211 4,631,564 4,639,754 4,639,762 
4,694,313 4,717,679 4,743,952 4,783,690 
4,809,047 4,810,665 4,823,176 4,837,606 
4,901,127 4,904,609 4,933,740 4,963,951 
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Specifications HGTG20N120E2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS TEST CONDITIONS 


Collector-Emitter Breakdown Ic = 250pA, Vee = OV 
Voltage 


Collector-Emitter Leakage Current To = +25°C 
Voce = 0.8 BVces To +125°C 


< 
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ie) 
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s foe) 


Collector-Emitter Saturation lo=Ico99, Vee = 15V | To = +25°C 
Voltage 
To ae +125°C 
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o) 
Ww 
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lo = logo: VoE = 10V To +25°C 
To = +125°C 


Gate-Emitter Threshold Voltage Io = 500pA, To = +25°C 
Vce = Vee 
Gate-Emitter Leakage Current Voe = +20V 
Gate-Emitter Plateau Voltage lo =!c9o, Vee = 0-5 BVcEs 
On-State Gate Charge lc = lego, Voe = 15V 
Voce =0.5 BVcEs 
Voge = 20V 
Current Turn-on Delay Time = lc =Icoo, Vee = 15V, 
VceE = 0.8 BVces, 
Current Rise Time Re = 25, 
: Ty = +125°C 
Current Turn-off Delay Time = 
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150 
520 


780 1000 


Current Fall Time 
Turn-off Energy (Note 1) 
Current Turn-on Delay Time to(on) 

Voce = 0.8 BVces, 
Current Rise Time Re = 25, 

Ty = +125°C 
Current Turn-off Delay Time 
Current Fall Time 


Turn-off Energy (Note 1) 


Thermal Resistance Rec 


NOTE: 


1. Turn-off Energy Loss (Wo, f) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ice = 0A). The HGTG20N120E2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 
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HGTG20N120E2 


Typical Performance Curves 


PULSE DURATION=250us. DUTY CYCLE < 0.5Z. Vce=l0V ‘ PULSE DURATION=250uS, DUTY CYCLE <.52, Te=25°C 


A 
on 
o 


- AR 


COLLECTOR-EMITTER CURRENT (Ice) - 
COLLECTOR-EMITTER CURRENT (Ice) 


6 
2 4 6 -TD- : 
BATE-TD-EMITTER VDLTABE (Vga) - V COLLECTOR-TD-EMITTER VOLTAGE (V¥ce) - V 


FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 


Yce=960V. Tj-!150degl, Vge~I5V¥., Rg-25o0hme, L=50uH 


R 


uS 


a 
Sea is 
TS 


DC COLLECTOR CURRENT (Ica) - 
FALL TIME (tfl) - 


75 100 
CASE TEMPERATURE (Tc) - °C COLLECTOR-EMITTER CURRENT (Ice) - A 
FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A FIGURE 4. FALL TIME AS A FUNCTION OF COLLECTOR- 
FUNCTION OF CASE TEMPERATURE EMITTER CURRENT 


™ ae a | 
_ FREQUENCY (f) = 1MHz ee. Ig(REF)=1.52ma 
Vce=Vces f Vce=Vces 
a 900 
+ 4000 ° 
a ' 600 
tus 3000 g 0.75 Vces 
2 0.50 Vces 
@ 2000 
a. 300 
1000 
COLLECTOR-EMITTER VOLTAGE 
; 
0 o 10 15 20 25 
CDLLECTOR-TO EMITTER VOLTAGE (Vce) - ¥ aa lcci aha 
FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR- FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
EMITTER VOLTAGE CONSTANT GATE CURRENT. (REFER TO 


APPLICATION NOTES AN7254 AND AN7260) 
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Vge — VOLTS 


HGTG20N120E2 


Typical Performance Curves (Continued) 


Oo 
Tj-150 C, Vge-15¥, Rg-25ohms, L~50uH 
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Vce=S60V, Vge=!0V 8 I5V 
Vce=480V, Vge=10V 8 I5V 
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TURN-OFF SWITCHING LOSS (Woff) - 


SATURATION VOLTAGE [Vce(sot)] 


oO 


bh 
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COLLECTOR-EMITTER CURRENT (Ice) - A ve COLLECTOR-EMITTER CURRENT (Ice) - A 
FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 


Tj=150°C, Te=75°C, Vge=15V¥. Rg=25ohms, L=50uH 


Tj=150°C, Vce=960V, L=50uH 100 ee hE a cree 
RE Cees ae a Pe ee | Ee eee Ee ” 
N ee Se ba 6 ee ee ee ee ee ee Ce fee 
A, eR eS a A 
a SS Ce ee ee = 460 a 
_ & fa Lo) 
= va ce = Ss 
: el in a 
‘a ra fmox! = .05 / tdoffi ie | \ 
5 i fmox2 - (Pd - Po) / Woff —t}—— Sts. 
a @ '0F pa: ALLOWABLE DISSIPATION=-}— hs} + 4 
> e Po: CONDUCTION DISSIPATION} \— +t — 
rm <9 (Pe DUTY FACTOR ~ 502) Se ia De 
u = faye aa ae a 
: f rn ee 
Lot ETT 
10 10 50 
COLLECTOR-EMITTER CURRENT (Ice) - A PEAK COLLECTOR-EMITTER CURRENT (Ice) - A FM. 
FIGURE 9. TURN-OFF DELAY AS AFUNCTION OF COLLECTOR- FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
EMITTER CURRENT COLLECTOR-EMITTER CURRENT AND VOLTAGE 
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COLLECTOR-EMITTER CURRENT (Ice) 


SATURATION VOLTABE [V¥ceCsot)] - ¥ 


FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 
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HGTG20N120E2 


Test Circuit 


1g = 1/Roen + Ree 
Rogen = 502 


rw wrwrewew = = 


Ree = 502 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fry, x; Or 
fax Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMaAx4 is defined by fMaxt = 0.05/tp (OF F)I- tD(OFF)! deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tpiorry is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional fre- 
quency limiting condition for an application other than T ymax. 
tp(oFF)! iS important when controlling output ripple under a 
lightly loaded condition. fyyaxo is defined by fryyaxo = (Pd - Pc)/ 
Worr The allowable dissipation (Pd) is defined by Pd = 
(T ymax - Tc)/Reyc. The sum of device switching and conduc- 
tion losses must not exceed Pd. A 50% duty factor was used 
(Figure 10) and the conduction losses (Pc) are approximated 
by Pc = (Vcr @ Icg)/2. Worr is defined as the integral of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (Icg = OA). 


The switching power loss (Figure 10) is defined as fryaxo 
Worr- Turn-on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 


Handling Precautions for IGBTs 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application procedures, 
however, IGBTs are currently being extensively used in 
production by numerous equipment manufacturers in 
military, industrial and consumer applications, with virtually 
no damage problems due to electrostatic discharge. IGBTs 
can be handled safely if the following basic precautions are 
taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “t ECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 
Circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage 
rating of VGEM. Exceeding the rated VGE can result in 
permanent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in turn-on of the device due to voltage buildup 
on the input capacitor due to leakage currents or pickup. 


7. Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate 
protection is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 
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HGTG24N60D1 


24A, 600V N-Channel IGBT 


Ga FARRIS 


SEMICONDUCTOR 


May 1995 
Features Package 
e 24A, 600V JEDEC STYLE TO-247 
e Latch Free Operation EMITTER 
; COLLECTOR 
e Typical Fall Time <500ns exre 
¢ High Input Impedance COLLECTOR 
(BOTTOM SIDE 
e Low Conduction Loss METAL) J 
Description 
The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar Terminal Diagram 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. N-CHANNEL ENHANCEMENT MODE Ps 
eoace ae re 
IGBTs are ideal for many high voltage switching applications : co 
operating at moderate frequencies where low conduction losses So 
are essential, such as: AC and DC motor controls, power sup- 
plies and drivers for solenoids, relays and contactors. ‘ 
PACKAGING AVAILABILITY 
PART NUMBER ) PACKAGE BRAND . 
HGTG24N60D1 G24N60D1 
Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specific 
HGTG24N60D1 UNITS 
Collecior- Emitter VONAGE .ccn cscs nner eeK eed onan e een ene saausnas BVces 600 V 
Collector-Gate Voliage Age = 1MO ... nese cc ve ndcasaeecsneeeeecnsneres BVoccr 600 V 
Collector Current Continuous at To = +25°C .. 6k cece loos 40 A 
at Veg = 15V at To = 490°C... eee logo 24 A 
Collector Current Pulsed! (NOG 1) .0ccsescv cee ccdnceaas saw cane nan eae ee ane lom 96 A 
Gate-Emitter Vollage COnmmuous. «06s cece cae eset new e ee eeenee nema es Voaes +25 V 
Switching Safe Operating Area at Ty = +150°C 2... eee eee SSOA 60A at 0.8 BVceEs - 
Power Dissipation Total at To = +25°C «1... cee eee Pp 125 Ww 
Power Dissipation Derating To > +25°C 2... cc cece teen eens 1.0 wc 
Operating and Storage Junction Temperature Range .................0005 Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering ........... 0... e cece cee eee ee eee TL 260 “G 


(0.125 inch from case for 5s) 


NOTE: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 
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Specifications HGTG24N60D1 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 

PARAMETERS SYMBOL TEST CONDITIONS a 
esecremneroeaccwn vom [Was fenmmrversw fom | | - |v 
Collector-Emitter Leakage Voltage Ices mA 
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> 


Collector-Emitter Saturation Voltage 
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Gate-Emitter Threshold Voltage VGE(TH) Io = 250A, 


Voce = Vce 


— Voge = t20V 


VGeEP Io =Ic90, Voge = 0.5 BVcEs 
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Gate-Emitter Leakage Current 


w 


Gate-Emitter Plateau Voltage 


—_ 
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ro) 
— 
on 
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QO 


On-State Gate Charge Ico = lego, 


Qeion) 


—s 
on 
on 
nN 
) 
=) 
1?) 


Current Turn-On Delay Time L = 500uH, I¢ = Iego, Re = 252, 
VcE = 15V, Ty +150°C, 


Veg = 0.8 BVcEs 


to(on)! 


Current Rise Time 


Current Turn-Off Delay Time to(oFF)I 700 


Current Fall Time t 450 


FI 
Turn-Off Energy (Note 1) Worr 


NOTE: 1. Turn-off Energy Loss (Wor) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Io¢ = 0A) The HGTG24N60D1 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 
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Typical Performance Curves 
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Vge, GATE-TO-EMITTER VOLTAGE (V) Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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HGTG24N60D1 


Typical Performance Curves (continued) 


Ice, DC COLLECTOR CURRENT (A) 


+100 
Tc, CASE TEMPERATURE (°C) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE 
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P= 
So 
So 
i=) 


C, CAPACITANCE (pF) 
NO wo 
S 8 
So So 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 


Ty = +150°C 


‘ aad 
0 Th 
1 10 40 


Ice, COLLECTOR-EMITTER CURRENT (A) 


VcE(on)» SATURATION VOLTAGE (V) 


FIGURE7. SATURATION VOLTAGE vs COLLECTOR-EMITTER 
CURRENT 
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Worf; TURN-OFF SWITCHING LOSS (mJ) 


Vce = 480V, Voce = 10V AND 15V, 
Ty = +150°C, Rg = 250, L = 500yH 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
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0.25 BVces 0.25 BVces 


IG(REF) 


TIME (is) 
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FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 


STANT GATE CURRENT (REFER TO APPLICATION 


NOTES AN7254 AND AN7260) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


EMITTER CURRENT 


FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 


HGTG24N60D1 


Typical Performance Curves (continued) 


Voce = 480V, Vgg = 10V 


e 1100 Voe = 480V, Ve = 15V 
5 
uJ 
Q 
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& 500 ail 

400 tic 


Ice, COLLECTOR-EMITTER CURRENT (A) 


as 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fryax 1 Or 
fuaxe Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMaxt is defined by fMAX1 = 0.05/AD (oF F)I- tb(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tp(orF) is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


80 
er Ty = +150°C, Tc = +100°C, 
EET hg 250, Sn 


fuaxi = 0.05p(oFF)I 
fmax2 = (Pp - Po/Worr 
P, = DUTY FACTOR = 50% 


Rec = 1.0°C/W 


fop, OPERATING FREQUENCY (kHz) 
° 


1 10 50 
NOTE: Ice, COLLECTOR-EMITTER CURRENT (A) 


Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tymax. tpiorry! is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxo is defined by fyaxe = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rejc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Pc = (Veg ® Ice)/2. Wor is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 


where the collector current equals zero (Icg = OA). 


The switching power loss (Figure 10) is defined as fryyaxo ¢ Worr 
Tum-on switching losses are not included because they can be 
greatly influenced by external circuit conditions and components. 
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HARRIS 


SEMICONDUCTOR 


HGTG24N60D1D 


24A, 600V N-Channel IGBT 


April 1995 with Anti-Parallel Ultrafast Diode 


Features 


e 24A, 600V 
e Latch Free Operation 


Package 


JEDEC STYLE TO-247 


EMITTER 
COLLECTOR 


¢ Typical Fall Time <500ns 


COLLECTOR 


(BOTTOM SIDE «~ 
METAL) w= 


Terminal Diagram 


N-CHANNEL ENHANCEMENT MODE 
Cc 


e Low Conduction Loss 
e With Anti-Parallel Diode 
e tar < 60ns 


Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. The diode used in 
parallel with the IGBT is an ultrafast (tap < 60ns) with soft 
recovery characteristic. 


2 
mM 
Oo 


The IGBTs are ideal for many high voltage switching applica- 
tions operating at frequencies where low conduction losses 
are essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. 


E 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 


HGTG24N60D1D | TO-247 G24N60D1D 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specific 


HGTG24N60D1D UNITS 
Collector-Emitter Voltage 600 V 
Collector-Gate Voltage Reg = 1MQ 600 V 
Collector Current Continuous at Tg = +25°C 40 A 
24 A 
Collector Current Pulsed (Note 1) 96 A 
Gate-Emitter Voltage Continuous +25 V 
Switching Safe Operating Area at Ty = +150°C 60A at 0.8 BVcEs . 
Diode Forward Current at Tg = +25°C 40 A 
at To = +90°C 24 A 
Power Dissipation Total at To = +25°C 125 Ww 
Power Dissipation Derating Tg > +25°C 1.0 wc 
Operating and Storage Junction Temperature Range -55 to +150 “S 
Maximum Lead Temperature for Soldering 260 i & 
(0.125 inch from case for 5s) 


NOTE: 1. Repetitive Rating: Pulse width limited by maximum junction temperature. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 
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4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 
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4,783,690 
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Specifications HGTG24N60D1D 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage Io = 280pA, Veg = OV 


Collector-Emitter Leakage Voltage Ices To = +25°C 
Voce = 0.8 BVces Tec = +125°C 


Collector-Emitter Saturation Voltage To = +25°C 


= 
<| 3/5 


To = +1 25°C 


Gate-Emitter Threshold Voltage VGE(TH) lo = 250pA, To = +25°C 
Voce = Vee 


Gate-Emitter Leakage Current Voe = +20V 
Gate-Emitter Plateau Voltage VoGeEP lo = logo: Voce = (9.5 BVceEs 


On-State Gate Charge Ico = lego; 


de on 
w a] © 


Le 500uH, Io = Icgo, Re = 250, 
Vor = 15V, Ty = +150°C, 


Thermal Resistance (IGBT) ae. 
oO 


Diode Forward Voltage lec = 24A 


Diode Reverse Recovery Time lec = 24A, di/dt = 100A/us 


>i nN 
oy © (2) 
on i=) oO 


~ 
w 


°C/W 
°C/W 


NOTE: 1. Turn-off Energy Loss (Worf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = 0A) The HGTG24N60D1D was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Typical Performance Curves 


40 PULSE DURATION = 250s 
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Voge, GATE-TO-EMITTER VOLTAGE (V) Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 


3-108 


HGTG24N60D1D 


Typical Performance Curves (Continued) 


Voce = 480V, Vge = 10V AND 15V, 
T) = +150°C, Rg = 250, L = 500uH 


ite, 


ee 


Ice, COLLECTOR CURRENT (A) 
te), FALL TIME (ns) 


+25 +50 +75 +100 +125 +150 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 


6000 600 10.0 
Ww 
5000 g S 2 
4 5 w 
c 5 50 7.5 © oe 
= 4000 S$ 5 i 
rs} oc rs) 
z i > 
= 3000 E 300 5.0 Wi 
5 = 0.75 BVces 0.75 BVcEs = 
a. i} 
< 2000 5 0.50 BVces 0.50 BVcEs mn 
S G 0.25 BVces 0.25 BVcgs W 
W 150 2.5 < 
ad 
1000 2 R, = 302 re 
] =1. 
a G(REF) 1.83mMA > 
oO Voge = 10V 
0 > 0 0 
IG(REF) IG(REF) 
20 ———_ TIME (1s) 80 
Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) Igacty Ieiact) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 


NOTES AN7254 AND AN7260) 


7 ———— i a 


Ty = +1 50°C, Rg = 25Q. aaa _l| 
L = 500u.H 


a 
nee ll 
pf tt A ee 
aceocanw YET 
tenement miazairas F< aS a Naa 


<a 


1.00 


Vce(on) SATURATION VOLTAGE (V) 
Worr, TURN-OFF SWITCHING LOSS (mJ) 


staal lace Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 


3-109 


HGTG24N60D1D 


Typical Performance Curves (continued) 


Voe = 480V, Vge = 10V 
aie = 480V, Vgg = 15V 


to(orry» TURN-OFF DELAY (ns) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


lec, EMITTER-COLLECTOR CURRENT (A) 


oo 


Vec, EMITTER-COLLECTOR VOLTAGE (V) 


FIGURE 11. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fryax4 OF 
fwaxe2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMAX4 is defined by fMax4 = 0.05/tp (oF F)I- tD(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tp(orFy is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


Ty = +150°C, Tc = +100°C, Reg = 252, L = 500uH 
80 es (eee) eee ee 
= aa Ge Gar S aoe Gee al Ge i el ee Geen) Ray) eR) 


fuax1 = 9.05Ap(oFF) 
fuax2 = (Pp - Po/Worr 
P = DUTY FACTOR = 50% 


10 EF Ric = 1.0°C/W 


Voce = 480V, Vgg = 10V, 15V 
Veg = 240V, Vgg = 10V, 15V 


fop, OPERATING FREQUENCY (kHz) 


1 10 50 


Ice, COLLECTOR-EMITTER CURRENT (A) 
NOTE: 


Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 
FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 
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lec, EMITTER-COLLECTOR CURRENT (A) 


FIGURE 12. TYPICAL trp, ta, tg vs FORWARD CURRENT 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tax. tpiorry is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxe is defined by fyaxe = (Pp - Pc)/Worr. The allowable 
dissipation (Pp) is defined by Pp = (T ymax - Tc)/Rejc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Po = (Voce ® Ic¢g)/2. Worr is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Icg¢ = OA). 


The switching power loss (Figure 10) is defined as fryaxo 
Worr- Tum-on switching losses are not included because they 
can be greatly influenced by extemal circuit conditions and com- 
ponents. 
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HARRIS 


SEMICONDUCTOR 


HGTG30N120D2 


30A, 1200V N-Channel IGBT 


April 1995 
Features Package 
e 30A, 1200V JEDEC STYLE TO-247 
e Latch Free Operation EMITTER 
¢ Typical Fall Time - 580ns casement 
; GATE 
¢ High Input Impedance | COLLECTOR 
; IDE 
e Low Conduction Loss METAL) 
Description 
The HGTG30N120D2 is a MOS gated high voltage switching 
device combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a MOS- 
FET and the low on-state conduction loss of a bipolar transistor. 
The much lower on-state voltage drop varies only moderately : - 
between +25°C and +150°C. Terminal Diagram 
The IGBTs are ideal for many high voltage switching applications N-CHANNEL ENHANCEMENT MODE - 
operating at moderate frequencies where low conduction losses = 
are essential, such as: AC and DC motor controls, power sup- Cc O 
plies and drivers for solenoids, relays and contactors. ~ 
PACKAGING AVAILABILITY 
G 
PARTNUMBER | PACKAGE | BRAND 
HGTG30N120D2 TO-247 G30N120D2 
E 
Formerly Developmental Type TA49010 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
HGTG30N120D2 UNITS 
CONEGISEENUnel VOUROG «acu 0c deen deen ere b Sntcoe en te rcrsawhuns cee aes BVces 1200 V 
Collector-Gate Voltage, Rag =1MQ. 1... cc ccc cece cess cern erm cneeaeen Voor 1200 V 
Collector Current Continuous at To = +25°C .... 2. eee cee eee es lo2s 50 A 
at VGE =15V at Te ag Se lcg0 30 A 
Collector Current Pulsed (NOE Ticks iwccccccene teen ians cee terenaeeo nese s lom 200 A 
Gate-Emitter Volisge Continuous... nu. cecccenscasacencesnsenser nese cers VGeEs +20 V 
Gale-Emitter Volade PUISED 26 is chccecesdseciwe desde seer cue sees ee and VGEM +30 V 
Switching Safe Operating Area at Ty = +150°C... 0... eee SSOA 200A at 0.8 BVcEs - 
Power Dissipation Total at Ta =425°C 26 cs ccewisesisaensweaes vi dawa vu canes Pp 208 Ww 
Power Dissipation Total Derating To > +25°C 2... cece eens 1.67 wc 
Operating and Storage Junction Temperature Range...................5. Ty, Tste -55 to +150 °C 
Maximum Lead Temperature for Soldering .......... 0.0... eee eee eee eee TL 260 "6 
Short Circuit Withstand Time (Note 2) atVgep=15V .... eee eee tsc 6 uS 
at VGE Se TOY cca ctscusaceaeesssanianes tsc 15 Tks) 
NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VCE(PEAK) = 720V, To = +125°C, Ree = 25). 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 3-144 


File Number 2834.2 


Specifications HGTG30N120D2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


[GatecoremiterBreakdownvotage | BVoes [lo=250AVor=v | oot | — |v 
nine Gi = 2 son noe ac 
Wec=088Vees [To=evese [ - | - | #0 | ma 
Collector-Emitter Saturation Voltage VCE(SAT) lc =Icg0, To= 425°C | - | 30 | 35 | Vv | 
pote eee | ee feria eee Pe Pe Pe 
lo =1mA 
[GaieErier tage Curent [tees [vee] dL C* 
[GaieEniterPateauvotaoe | Veer __|le=leso Vee=056Vecs | - | 73 | - | ¥_ 
On-State Gate Charge Qeon) lo = Iego, Voe=15V0 | - | 185 | 240 | nc 
es eae A A 
[cureticotine Cd (dE Semaviee | me 
ee Le ee 
fcrenRcotine Sid tw (dopa =| 
ee Le 
neenanemoe | Ae fT [| el 


NOTE: 1. Turn-off Energy Loss (Worf F) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ic¢ = OA) The HGTG20N100D2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Typical Performance Curves 


PULSE DURATION = 250us 
DUTY CYCLE < 0.5%, Tg = +25°C 


PULSE DURATION = 250us ] a 
DUTY CYCLE < 0.5%, Vcg = 10V ys 
a a ee ee ee 
ee eee ee |e 


yl 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Voce, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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Typical Performance Curves (Continued) 


2.0 
Voge =10V AND 15V, Ty = +150°C, 

\ Rg = 259, L = 50H 

15 
\ N\Q Voe = 480V 
AN 
Re _ To 
Ss 


Icg, DC COLLECTOR CURRENT (A) 
te, FALL TIME (us) 
S 


. Vce = 960V |] 
+25 +50 +75 +100 +125 +150 


Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
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IG(neF) la(REF) 


TIME (1s) 80 


0 5 10 15 20 25 20 
Iq(act) I@(act) 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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Worr, TURN-OFF SWITCHING LOSS (mJ) 
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Vce(on) SATURATION VOLTAGE (V) 
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Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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Typical Performance Curves (continued) 


VcE = 15V, Re = 500 
Vge = 10V, Rg = 502 
Voge = 15V, Rg = 252 
Voge = 10V, Rg = 252 


fuax2 = (Pp - PoVWorr 
Po = DUTY FACTOR = 50% 


to(orr), TURN-OFF DELAY (us) 
fop, OPERATING FREQUENCY (kHz) 


Ty = +150°C, To = +75°C, Veg = 15V 
Rg = 250, L = 50uH 


—_— Ice, COLLECTOR-EMITTER CURRENT (A) 
log, COLLECTOR-EMITTER CURRENT (A) Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 
FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
CURRENT EMITTER CURRENT AND VOLTAGE 
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FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 


Test Circuit 


1/Rg = 1/Roen + I/Roe 


rr  -~ wF wes S| | = | 


rrr ew Ve’ = = 


FIGURE 12. INDUCTIVE SWITCHING TEST CIRCUIT 
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Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fryay4 or 
fyax2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMaxi is defined by fMax4 = 0.05/p(OFF)I- tD(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tp(orF)! is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tymax- tpiorry is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxa is defined by fyaxe = (Pp - Pc)/Worr The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rejc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Pc = (Vcg ® Icg)/2. Wore is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Icg = OA). 


The switching power loss (Figure 10) is defined as fryaxo 
Worr. Tum-on switching losses are not included because they 
can be greatly influenced by extemal circuit conditions and com- 
ponents. 
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SEMICONDUCTOR 


aD HGTA32N60E2 


April 1995 32A, 600V N-Channel IGBT 
Features Package 
¢ 32A, 600V JEDEC MO-093AA (5 LEAD TO-218) 


e Latch Free Operation 
e Typical Fall Time 620ns 
¢ High Input Impedance 


5 EMITTER 


4 EMITTER KELVIN 
3 COLLECTOR 


COLLECTOR 
(FLANGE) 


e Low Conduction Loss 
Description 


The IGBT is a MOS gated high voltage switching device 
combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a 
MOSFET and the low on-state conduction loss of a bipolar 
transistor. The much lower on-state voltage drop varies only 
moderately between +25°C and +150°C. 


Terminal Diagram 
N-CHANNEL ENHANCEMENT MODE 


Cc 
IGBTs are ideal for many high voltage switching applications 


operating at frequencies where low conduction losses are 
essential, such as: AC and DC motor controls, power 
supplies and drivers for solenoids, relays and contactors. G 


PACKAGING AVAILABILITY eKELVIN 


PART NUMBER | PACKAGE | BRAND E 
HGTA32N60E2 TO-218 GA32N60E2 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


HGTA32N60E2 UNITS 
RSCIPENNNel VONAUE 665 Sa0 Kee eed Sour eed 6 dGe ands dnVeu ve Ro ENO aSe & RG0's BVces 600 V 
Collector-Gate Voltage Age = 1MQ... 2... cc cece eee teenies Vcer 600 V | 
Collector Current Continuous at To = +25°C... 1... eee (eheeeioueaen loos 50 A 
at VoGeE = 15V at To w 400°C onic aeiccavecuseeenecevwn lo9o 32 A 
Collector Current Pulsed (Note 1) 2c cccccaccccccasws ene eis nse hanesewwnecenus lom 200 A 
Gate-Emittor Voltage GCOntnuous. ....6cscasevciesenstenseueanesavenaecnenne Voces +20 V 
Gaie-Einitler VONAGE PUGE? . 50 6cccccccescssevisassuennnbeswe eae ina caw awe VGem +30 V 
Switching Sage Operating Area T) = +150°C ... 0... ccc cece eee eens SSOA 200A at 0.8 BVcEs - 
Power Dissipation Tom at To e428 C act viserevasaenscteen reer eae rdawanonmeae Pp 208 Ww 
Power Dissipation Derating Tg > +25°C 1... ce eee een e eens 1.67 wc 
Operating and Storage Junction Temperature Range ................ 0. eee e ane Ty, Tste -55 to +150 a © 
Maximum Lead Temperature for Soldering ............. 0c ccc eee ee een eee eens Tt, 260 °C 
Short Circuit Withstand Time (Note 2) at Vgg = 15V 2... cee eee eee tsc 3 LS 
at Voce Ie edb d eetcoeeseeideerseteannss tsc 15 eS 
NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junctions temperature. 
Z; VcE(PEAK) =: S60V, Tc = +125°C, Ree = 250. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2833.3 
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Specifications HGTA32N60E2 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
PARAMETERS TEST CONDITIONS sf rs 
Collector-Emitter Breakdown Voltage ee a Ke ee ee 
Collector-Emitter Leakage Current Ices |Voe=BVces | To=+25°C | - | - 250 
egress [Tenwe@se [oe [ma 
= 
a 


Voce = Vee 


On-State Gate Charge 


Current Turn-On Delay Time to(on)| 
i 


Collector-Emitter Saturation Voltage 


Ic = !cg0. 
Voge = 0.5 BVoes 


L= 500puH, lo = logo; Re = 25Q, 
VGE = 15V, Ty = +125°C, 
Ve = 0.8 BVceEs 


= 
=[— 
= 


NOTE: 


1. Turn-off Energy Loss (Worf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ice = OA) The HGTA32N60E2 was tested per JEDEC standard No. 24-1 Method 
for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


oO 
oO 
oO 


2 


Typical Performance Curves 


100 100 
< PULSE DURATION = 250s L 
- DUTY CYCLE < 0.5%, Vg = 15V E 
Wi 80 x 80 PULSE DURATION = 250s 
cc co [| DUTY CYCLE < 0.5%, Tc = +25°C 
= 3 70 
©) 
© 60 : 60 
E = 50 
wu ts 
c 40 5 40 
5 © 
a w 30 
3 20 = 
5 i 
8 #8 10 

0 
0 2 4 6 8 10 
Vge, GATE-TO-EMITTER VOLTAGE (V) Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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Typical Performance Curves (continued) 


Vge = 10V AND 15V 


= ~S = 240V ed = +1 50°C, Rg = 25Q 
= 
Lu 
rn ws 

” 
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S = 
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“4 < 
9 i 
O i 
oO ~ 
a) 
uw 
£ 

+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. MAXIMUM DC COLLECTOR CURRENT vs CASE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
TEMPERATURE 
Ry = 12Q 
12000 IG(REF) = 2.75mA 
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0.25BVces 0.25 BVces 


Vce, COLLECTOR-EMITTER VOLTAGE (V) 
=} 
ra) 
Voe, GATE-EMITTER VOLTAGE (V) 


IG(REF) 2 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


IG(act) TIME (us) IG(act 

FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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Typical Performance Curves (Continued) 


toyorry» TURN-OFF DELAY (1s) 
So 
an 


Voe = 15V, Rg = 252 
Voge = 10V, Rg = 252 


= 
° 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fryax1 OF 
fuaxo Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMaAx4 is defined by fMAX4 = 0.05/tp(oFF)I- tp(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tp(orFy is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


100 Eee EE ee EE ee ee 


fuax1 = 0.05/Ap(oFF) 
fwax2 = (Pp - Pc)/Worr 
Pc = DUTY FACTOR = 50% 


Roc = 0.5°C/W 


as Ln ed te eS | a ee ee 
ee ee ee | ee 


Ee a 
a Bt erential 
ar ie hn ea i\a8 


1 10 100 
Ice, COLLECTOR-EMITTER CURRENT (A) 


fop, OPERATING FREQUENCY (KHz) 
r=) 


NOTE: 
Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


frequency limiting condition for an application other than 
Tymax: toiorry: iS important when controlling output ripple 
under a lightly loaded condition. 


fuaxe is defined by fyaxe = (Pp - Pc)/Worr. The allowable 
dissipation (Pp) is defined by Pp = (Tyyax - Tc)/Reyc. The 
sum of device switching and conduction losses must not 
exceed Pp. A 50% duty factor was used (Figure 10) so that 
the conduction losses (Pc) can be approximated by Po = 
(Voce X Icg)/2. Wore is defined as the sum of the instanta- 
neous power loss starting at the trailing edge of the input 
pulse and ending at the point where the collector current 
equals zero (Icg - OA). 


The switching power loss (Figure 10) is defined as fray; X 
Worr:- Turn on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 
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HGTG32N60E2 


32A, 600V N-Channel IGBT 


April 1995 


Features 


32A, 600V 
Latch Free Operation 
Typical Fall Time - 600ns 
High Input Impedance 

e Low Conduction Loss 


Package 


JEDEC STYLE TO-247 


EMITTER 
COLLECTOR 


COLLECTO GATE 
(BOTTOM SIDE 


Description 


The IGBT is a MOS gated high voltage switching device combin- 
ing the best features of MOSFETs and bipolar transistors. The 
device has the high input impedance of a MOSFET and the low 
on-state conduction loss of a bipolar transistor. The much lower 
on-state voltage drop varies only moderately between +25°C 


and +150°C. Terminal Diagram 


IGBTs are ideal for many high voltage switching applications N-CHANNEL ENHANCEMENT MODE 


operating at frequencies where low conduction losses are essen- 
tial, such as: AC and DC motor controls, power supplies and 
drivers for solenoids, relays and contactors. 


C 


This device incorporates generation two design techniques 
which yield improved peak current capability and larger short cir- 
cuit withstand capability than previous designs. 

PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 


HGTG32N60E2 TO-247 G32N60E2 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T. = +25°C, Unless Otherwise Specified 


HGTG32N60E2 

Collector-Emitter Voltage 
Collector-Gate Voltage Reg = 1MQ 
Collector Current Continuous at Tc = +25°C 
at VoE = 15V, at To = +90°C 
Collector Current Pulsed (Note 1) 
Gate-Emitter Voltage Continuous 
Gate-Emitter Voltage Pulsed 
Switching Safe Operating Area at Ty = +150°C 200A at 0.8 BVcEs 
Power Dissipation Total at To = +25°C 208 
Power Dissipation Derating Tg > +25°C 1.67 
Operating and Storage Junction Temperature Range -55 to +150 
Maximum Lead Temperature for Soldering ¥ 260 
Short Circuit Withstand Time (Note 2)at Vee = 15V 3 

at Vee = 10V 15 
NOTES: 


1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VCE(PEAK) = 360V, To = +125°C. Ree = 250. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 
4,969,027 

CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2 82 8. 3 


Copyright © Harris Corporation 1995 


Specifications HGTG32N60E2 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
caceremorenacomvese [evans [commaverne | of [| ¥_ 
Collector-Emitter Leakage Voltage Ices 


Collector-Emitter Saturation Voltage 


Gate-Emitter Threshold Voltage 


Gate-Emitter Leakage Current 
Gate-Emitter Plateau Voltage 


On-State Gate Charge 


VCE(SAT) 


To = +1 25°C 


VGE(TH) lo = imA, To = +25°C 3.0 
Vce = Vae 


Qgon) lo = logo. [eq 200 
_ Le 
265 


© sal el 
oa) ofa] sa 


Current Turn-On Delay Time L = 500uH, Io = Icgo, Rg = 252, 
VoGE = 15V, Ty = +125°C, 

Current Rise Time pt Vce = 0.8 BVces 

Current Turn-Off Delay Time 

Current Fall Time 

Turn-Off Energy (Note 1) 


NOTE: 


1. Turn-off Energy Loss (Wo,frf) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ice = 0A) The HGTG32N60E2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-off Switching Loss. This test method produces the true total Turn-off Energy Loss. 


620 800 


on on 
° 
QO 
= 


Typical Performance Curves 


_ 100 PULSE DURATION = 250s DUTY CYCLE < 0.5%, To = +25°C 
< PULSE DURATION = 250) | 100 
| ee Yc 
Ww 80 bE 
cc = 80 
3 | c 
70 
G60 3 
: c 60 
s Lu 
ii To = +150°C E 50 
c 40 = 
9 | ff Ww 40 
oO To = +25°C 5 
uu - 30 
= a i 20 
: : ' a 
3 re nn Za es 
0 ui 
2 0 
0 2 4 6 8 10 
Voce, GATE-TO-EMITTER VOLTAGE (V) Vog, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 
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Typical Performance Curves (continued) 
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Voce = 10V AND 15V 


10 Ty = +150°C, Rg = 252 


Ice, DC COLLECTOR CURRENT (A) 
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+25 +50 +75 +100 +125 +150 
Tc, CASE TEMPERATURE (°C) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. MAXIMUM DC COLLECTOR CURRENT vs CASE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
TEMPERATURE 
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‘Yi | VIN I I 
10000 | =| | 


8000 
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0.75 BVces 0.75 BVces 
0.50 BVces 0.50 BVces 
0.25 BVcgs 0.25 BVcEs 
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anne 


C, CAPACITANCE (pF) 
Vge, GATE-EMITTER VOLTAGE (V) 


it\ 
DT \ 


2000 


Voce, COLLECTOR-EMITTER VOLTAGE (V) 


eZ 
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Voge, COLLECTOR-TO-EMITTER VOLTAGE (V) Igiacty Igact) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT. (REFER TO APPLICATION 
NOTES AN7254 AND AN7260). 
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FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 
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Typical Performance Curves (Continued) 


— = 15V, _ = 250 


to(OF Fy TURN-OFF DELAY (us) 


Ty = +150°C 
Vce = 480V 
L = 50uH 


1 10 100 
Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER 
CURRENT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg¢) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fra x; or 
fyax2 Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


{Max is defined by fMAX1 = 0.05/tp(oFF)I- tb(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tp(orF) is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device turn-off delay can establish an additional 


fuaxi = 0.05/tr,oFF) 
fwax2 = (Pp - Pc)/Worr 
Pc = DUTY FACTOR = 50% 
Rojo = 0.5°C/W 


fop, OPERATING FREQUENCY (kHz) 


Ty = +150°C, Ve = 15V 
Rg = 259, L = 50uH 


Ice, COLLECTOR-EMITTER CURRENT (A) 
Pp = ALLOWABLE DISSIPATION Pc =CONDUCTION DISSIPATION 


FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
EMITTER CURRENT AND VOLTAGE 


frequency limiting condition for an application other than 
Tymax: tp(orry IS important when controlling output ripple 
under a lightly loaded condition. 


fuax2 is defined by fMaxe = (Pp . Po)/Worr The allowable dis- 
sipation (Pp) is defined by Pp = (T ymax - Tc)/Rejc. The sum of 
device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) so that the conduction 
losses (Pc) can be approximated by Pc = (Vcr X Iog)/2. Wore 
is defined as the sum of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Icg - 0A). 


The switching power loss (Figure 10) is defined as fyyax1 x 
Worr- Turn on switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 
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HGTG34N100E2 


34A, 1000V N-Channel IGBT 


April 1995 


Features 


e 34A, 1000V JEDEC STYLE TO-247 

e Latch Free Operation EMITTER 

¢ Typical Fall Time - 710ns COLLEGTOR 
¢ High Input Impedance 


Package 


COLLECTOR 
(BOTTOM SIDE 
METAL) 


e Low Conduction Loss 


Description 


The HGTG34N100E2 is a MOS gated high voltage switching 
device combining the best features of MOSFETs and bipolar 
transistors. The device has the high input impedance of a MOS- 
FET and the low on-state conduction loss of a bipolar transistor. 


The much lower on-state voltage drop varies only moderately Terminal Diagram 


between +25°C and +150°C. 


The IGBTs are ideal for many high voltage switching applications 
operating at moderate frequencies where low conduction losses 
are essential, such as: AC and DC motor controls, power sup- 
plies and drivers for solenoids, relays and contactors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
HGTG34N100E2 | TO-247 G34N100E2 


NOTE: When ordering, use the entire part number. 
Formerly Developmental Type TA9895. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Collector-Emitter Voltage 
Collector-Gate Voltage, Ree =1MQ 
Collector Current Continuous at Tg = +25°C 
at VGE = 15V, at Tc = +90°C 
Collector Current Pulsed (Note 1) 
Gate-Emitter Voltage Continuous 
Gate-Emitter Voltage Pulsed 
Switching Safe Operating Area at T, = +150°C 
Power Dissipation Total at To = +25°C 
Power Dissipation Derating Tg > +25°C 
Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering 
Short Circuit Withstand Time (Note 2) at Veg = 15V 
at VGE = 10V 


NOTE: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VcE(PEAK) = 600V, Teo = +125°C, Roe = 250). 


N-CHANNEL ENHANCEMENT MODE 


HGTG34N100E2 
1000 
1000 


200A at 0.8 BVces 
208 
1,67 
-55 to +150 
260 
3 
10 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 
4,587,713 
4,641,162 
4,794,432 
4,860,080 
4,969,027 


4,417,385 
4,598,461 
4,644,637 
4,801,986 
4,883,767 


4,430,792 
4,605,948 
4,682,195 
4,803,533 
4,888,627 


4,443,931 
4,618,872 
4,684,413 
4,809,045 
4,890,143 


4,466,176 
4,620,211 
4,694,313 
4,809,047 
4,901,127 


4,516,143 
4,631,564 
4,717,679 
4,810,665 
4,904,609 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1995 


4,532,534 
4,639,754 
4,743,952 
4,823,176 
4,933,740 


File Number 


4,567,641 
4,639,762 
4,783,690 
4,837,606 
4,963,951 


2827.3 


Specifications HGTG34N100E2 


Collector-Emitter Saturation Voltage 


+500 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
Collector-Emitter Leakage Voltage ICES To = +25°C m 
VcE = 0.8 BVces To 5 +125°C 
VcE(SAT) 
To = +25°C 
To = +125°C 
Gate-Emitter Plateau Voltage lo = logo: Voce =0.5 BVceEs 
On-State Gate Charge lc =Icg0, Voge = 15V 
Current Turn-Off Delay Time 
Current Fall Time 
F 


PARAMETERS SYMBOL TEST CONDITIONS 
To = +25°C 
Gate-Emitter Threshold Voltage VGE(TH) Io = IMA, To = +25°C 3.0 
Voce = Vee 
Voge = 0.5 BVceEs 
Current Turn-On Delay Time L = 50uH, Io = Iog9, Rg = 252, 
| 


L= 50uH, lc = lego; Rg = 25Q, 
VoGE = 10V, Ty = +125°C, 
VcE =038 BVcEs 


comma Tw 
Turn-Off Energy (Note 1) 


NOTE: 1. Turn-off Energy Loss (Wo rr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Icg = 0A) The HGTG34N100E2 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Collector-Emitter Breakdown Voltage Io = 250pA, Veg = OV p00 J - J - fv 
Gate-Emitter Leakage Current Vee = +20V 
Voge = 15V, Ty = +125°C, 
Current Rise Time ta 
Turn-Off Energy (Note 1) Worr 


2 
2 
3 
4 
1 
2 
1 
1 
6 
7 
1 
1 
4 
6 


A 
mA 
3.2 V 
8 3.1 V 
0 3.4 V 
5 V 
= ; 
L234 73 V 
— 85 240 nC 
Pe | 40 | 315 | nc 
pet 
| ee 
[2 | 
ee Ei 
Rac EAE. 
La | 
mike 
| 
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Typical Performance Curves 


100 
< 90 < Voge = 15V / / PULSE DURATION = 250s 
E PULSE DURATION = 250us E DUTY CYCLE < 0.5% 
x 80 DUTY CYCLE < 0.5%, Vog = 10V < 
c 
5 70 = 
oO (S) 
: 60 : 
= 50 = 
Ww Wl 
. S 
= 
5 30 : 
a 20 3 
© oO 
uj 10 i 
0 
Vge, GATE-TO-EMITTER VOLTAGE (V) Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS (TYPICAL) FIGURE 2. SATURATION CHARACTERISTICS (TYPICAL) 


2.0 [Vag = 10V AND 15V, T, = +150°C, 


Rg = 252, L = 50uH 


Ice, DC COLLECTOR CURRENT (A) 
te), FALL TIME (us) 
> 


+25 +50 +75 +100 +125 +150 1 10 400 
Tc, CASE TEMPERATURE (°C) log, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE FIGURE 4. FALL TIME vs COLLECTOR-EMITTER CURRENT 
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Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT CON- 
STANT GATE CURRENT (REFER TO APPLICATION 
NOTES AN7254 AND AN7260) 
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Typical Performance Curves (continued) 
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Ice, COLLECTOR-EMITTER CURRENT (A) Ice, COLLECTOR-EMITTER CURRENT (A) 
FIGURE 7. SATURATION VOLTAGE vs COLLECTOR-EMITTER FIGURE 8. TURN-OFF SWITCHING LOSS vs COLLECTOR- 
CURRENT EMITTER CURRENT 


T J= +1 50°C 
Voce = 800V 


fuax1 = 9.05/tp(oFF) 

fuax2 = (Pp - Pc/Worr 

DUTY FACTOR = 50% 
10 Rogc = 0.5°C/W 
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NOTE:  'ce» COLLECTOR-EMITTER CURRENT (A) 


Ice, COLLECTOR-EMITTER CURRENT (A) Pp = ALLOWABLE DISSIPATION Pc = CONDUCTION DISSIPATION 


FIGURE 9. TURN-OFF DELAY vs COLLECTOR-EMITTER FIGURE 10. OPERATING FREQUENCY vs COLLECTOR- 
CURRENT EMITTER CURRENT AND VOLTAGE 
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FIGURE 11. COLLECTOR-EMITTER SATURATION VOLTAGE 
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HGTG34N100E2 


Test Circuit 


1/Rg = W/Reen + Ree 


—_——s = eee es ee ee 4 


re -fFrew |= = = 


FIGURE 12. INDUCTION SWITCHING TEST CIRCUIT 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg) plots are possible using the information shown 
for a typical unit in Figures 7, 8 and 9. The operating 
frequency plot (Figure 10) of a typical device shows fryax 1 OF 
fyaxe Whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMAx1 is defined by fMax4 = 0.05/tp (oF F)I- tD(OFF)I deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are possible. 
tpiorry! is defined as the time between the 90% point of the 
trailing edge of the input pulse and the point where the 
collector current falls to 90% of its maximum value. Device 


turn-off delay can establish an additional frequency limiting 
condition for an application other than Tyyax. toorry is 
important when controlling output ripple under a lightly loaded 
condition. 


fuaxo iS defined by fyaxo = (Pp - Pc)/Worr. The allowable 
dissipation (Pp) is defined by Pp = (Tymax - Tc)/Rejc. The sum 
of device switching and conduction losses must not exceed Pp. 
A 50% duty factor was used (Figure 10) and the conduction 
losses (Pc) are approximated by Po = (Vce ® Iog)/2. Wore is 
defined as the integral of the instantaneous power loss starting 
at the trailing edge of the input pulse and ending at the point 
where the collector current equals zero (Ice = 0A). 


The switching power loss (Figure 10) is defined as fryaxo 
Worr- Tum-on switching losses are not included because they 
can be greatly influenced by extemal circuit conditions and com- 
ponents. 


3-128 


™ 7 HGTD8P50G1, 
recanaueron HGTD8P50G1S 


May 1996 8A, 500V P-Channel IGBTs 
Features Package 
° BA. 500V JEDEC TO-251AA 
* 3.7V Vee(sar) JM COLLECTOR 
¢ Typical Fall Time - 1800ns GATE 
¢ High Input Impedance 
(FLANGE) 
¢ Ty=+150°C COLLECTOR 
Description 
The HGTD8P50G1 and the HGTD8P50G1S are P-channel JEDEC TO-252AA 


enhancement-mode insulated gate bipolar transistors (IGBTs) 


designed for high voltage, low on-dissipation applications such Pdgn 
as switching regulators and motor drives. This P- channel IGBT rate ee fre 
can be paired with N-Channel IGBTs to form a complementary Sapeencte - 
power switch and it is ideal for half bridge circuit configurations. 
These types can be operated directly from low power integrated 
circuits. = 
PACKAGING AVAILABILITY ra 
PARTNUMBER | PACKAGE | BRAND Symbol - ~ 
HGTD8P50G1 TO-251AA G8P50G 
HGTD8P50G1S TO-252AA G8P50G 
NOTE: When ordering, use the entire part number. Add the suffix 9A G 
to obtain the TO-252AA variant in the tape and reel, i.e., 
HGTD8P50G1S9A. 
The development type number for these devices is TA49015. E 
Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 
HGTD8P50G1/G1S UNITS 
Collector-Emitter Breakdown Voltage... 1.0.0.2... 0... ccc eee BVces -500 V 
Emitter-Collector Breakdown Voltage. ......... 0... cece cee eee e eee eee BVecs 10 V 
Collector Current Continuous 
At Tc = +25°C CETL ee ee ee et a ee ee ee ee ee ee en ee en ee ee ee ee loos -12 A 
At To = +90°C CREE RECSCCISC COBO SOSA GPUSHESC REET OUT DAS BGs oo HSE HE OE logo -8 A 
Collector Current Pulsed (Note 1) 2c cs cucccwsss cies caddecdancangacgneonnes lom -18 A 
Gate-Emitier Vonage Conminuous. ..644sieaeck erteders erinerecensex eens Voces +20 V 
Gais-Emiter VORGOe PURGE is cnceer edie nee en eRneee oOewE See heed Re Kee Voem +30 V 
Switching SOA at Te = 425°C, Vig @-S50V 26 .cs ciwscusensvecseewsnunésas SSOA 
No Snubper, Figure 17 = Circuit 1 soci sncenseae in peiee eee se easier ancd satan -3 A 
With 0.1gF Capacitor, Figure 17 = Circuit? ... 2.2. ccvcncccnnnemaseununeweevans -18 A 
Power Dissipation Total at To =+25°C 2.0... ccc eee teen eens Pp 66 W 
Power Dissipation Derating Tp > +25°C 21... ccc cee teen te eees 0.53 Ww/°C 
Operating and Storage Junction Temperature................ 0.22 eee eee Ty, Tste -40 to +150 "6 
Maximum Lead Temperature for Soldering ............ 2.0.00. cece eee ee eee TL +260 °C 
(0.125" from case for 5s) 
NOTE: 


Ts Ty = 25°C, VeL = 350V, Roe = 2k. Figure 17 - Circuit 2 (C, = 0.1pF) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. 
Copyright © Harris Corporation 1996 3-129 
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Specifications HGTD8P50G1, HGTD8P50G1S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNIT 


ec ee Ge 

Voy = -600V | 
[emiercomereaaomvenin | Bees [emioa [veer fe | [|v 
Collector-Emitter Leakage Current Ices Voe=BVces | To=vare | - | - | 250 | ua 
a 


Collector-Emitter Saturation Voltage VcE(SAT) 


(2) 


3 
3 


Ww 


. 
- 
. 


Gate-Emitter Threshold Voltage 
Gate-Emitter Leakage Current 


+100 nA 


-7.0 


Gate-Emitter Plateau Voltage VGE(PL) Voce = 0.5 BVcEs 


On-State Gate Charge 


a) 


Qeion) 


Voge = 0.5 BV ces 
Voge = -15V 


Rg = 252 


Current Turn-off Delay Time tD(OFF)I L = 100nH Ty = +150°C 
Fig. 17, Circuit 1 
Current Fall Time 


N oo 
on N 


5S 
fo 2) 
oO 


680 


1800 


= 
al 


Turn-Off Energy (Note 1) Eorr 

Current Turn-Off Delay Time to(OFF)I L = 100uH log = -8A, 
VGE = -1 5V 

Current Fall Time try Voce = -350V 
Re = 252 


4000 


Turn-Off Energy (Note 1) Ty =+150°C 
Fig. 17, Circuit 2 
C, = .022uF 


Latching Current Vee = -15V 
Re = 252 
Ty = +25°C 


Corr 
Vog = -350V 


I L = 100uH 
Fig. 17, Circuit 1 


NOTE: 


1. Turn-Off Energy Loss (Eorr) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ice = 0A). The HGTD8P50G1 and HGTD8P50G1S were tested per JEDEC 
standard No. 24-1 Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off 
Energy Loss. Turn-On losses include diode losses. 


= 
a 


To 1.90 °C/W 


oi 
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HGTD8P50G1, HGTD&P50G1S 


Typical Performance Curves 


PULSE DURATION = 250s, DUTY CYCLE < 0.5%, Vcg = -10V PULSE DURATION = 250us, DUTY CYCLE < 0.5% 
-20 


Ice, COLLECTOR-EMITTER CURRENT (A) 
nN 
Ice, COLLECTOR-EMITTER CURRENT (A) 


0 -2 -4 6 8 -10 
Voge, GATE-TO-EMITTER VOLTAGE (V) Voce, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS FIGURE 2. SATURATION CHARACTERISTICS 


PULSE DURATION = 250us, DUTY CYCLE < 0.5%, Vge = -15V 


2 
ma 
So 


Ice, DC COLLECTOR CURRENT (A) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


“1 2 x) 4 5 rr) Es 
Tc, CASE TEMPERATURE (°C) Vcg, COLLECTOR-EMITTER VOLTAGE (V) 
FIGURE 3. MAXIMUM DC COLLECTOR CURRENT AS A FIGURE 4. COLLECTOR-EMITTER SATURATION VOLTAGE 
FUNCTION OF CASE TEMPERATURE 
FREQUENCY = 1MHz Ty = +25°C, Vee = -15V, Iqper) = -0.391MA 


GATE-EMITTER VOLTAGE ave 
-7.5 


C, CAPACITANCE (pF) 
Voge, GATE-EMITTER VOLTAGE (V) 


Voce, COLLECTOR-EMITTER VOLTAGE (V) 
Nh 
5 


COLLECTOR-EMITTER VOLTAGE 


3 AGIRER TIME (1s) go -GIREF) 
Voce, COLLECTOR-EMITTER VOLTAGE (V) Igcacty Ig(act) 


FIGURE 5. CAPACITANCE AS A FUNCTION OF COLLECTOR- FIGURE 6. NORMALIZED SWITCHING WAVEFORMS AT 
EMITTER VOLTAGE CONSTANT GATE CURRENT. (REFER TO 
APPLICATION NOTES AN7254 AND AN7260) 
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HGTD&P50G1, HGTD8P50G1S 


Typical Performance Curves (Continued) 


Ty = +150°C Ty = +150°C, Rg = 250, L = 100uH 
j_,, ae Sia a Sa | I Se Wl eS eee aie de 


Vcesar)» SATURATION VOLTAGE (V) 
Worr, TURN-OFF SWITCHING LOSS (mJ) 


0 “2 4 6 8 -10 “12 -14 
Ice, COLLECTOR-EMITTER CURRENT (A) Ice, PEAK COLLECTOR-EMITTER CURRENT (A) 
FIGURE 7. SATURATION VOLTAGE AS A FUNCTION OF FIGURE 8. TURN-OFF SWITCHING LOSS AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT COLLECTOR-EMITTER CURRENT 
Ty = +1 50°C, Vce = -350V, Voce = -15V, L = 100uH Ty = +1 50°C, Tec = +75°C, Voe = -15V, Roe = 250, L = 100uH 


100 je Cae 
SE ie. 17, cincurr 1 
_ Se 5. “a Ret 
2 eee Ee. ee ee 
~ 2 ees . 1 eee 


es ee ann 
pL TN eerse 


fuaxt = 0.05/troFF)I 

fuax2 = (Pp - PoVEorr 

Pp = ALLOWABLE DISSIPATION 
Pc = CONDUCTION DISSIPATION 


tovorR, TURN-OFF DELAY TIME (11s) 
fuax» OPERATING FREQUENCY (kHz) 


(DUTY FACTOR = 50%) 
Rec = 1.9°C/W 
10 
rr 5 -10 
Icg, PEAK COLLECTOR-EMITTER CURRENT (A) Ice, PEAK COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-OFF DELAY AS AFUNCTION OF COLLECTOR- FIGURE 10. OPERATING FREQUENCY AS A FUNCTION OF 
EMITTER CURRENT COLLECTOR-EMITTER CURRENT AND VOLTAGE 


z Ty = 25°C, Voge = -15V, Rg = 250, L = 100uH 
in 
r 4 
uu 
c 
cc 
=] 
oO 
z ti 
S E 
ey = 
= rr 
- Ps 
4 re} 
~l re 
ms rr 
re = 
- ro) 
oO 
x 
< 
uJ 
a 
8 

log, COLLECTOR-EMITTER CURRENT (A) 7 C1, SNUBBER CAPACITANCE (uF) 
FIGURE 11. FALL TIME AS A FUNCTION OF COLLECTOR- FIGURE 12. LATCHING CURRENT AS A FUNCTION OF 
EMITTER CURRENT SNUBBER CAPACITANCE 
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HGTD8P50G1, HGTD8P50G1S 


Typical Performance Curves (Continued) 


VcE = -350V, Voce =-1 5V, Rg = 25Q, L= 100u.H Vce = Vee: Ice = 1.0mA 
- = 
EL FIG. 17, CIRCUIT 1 si 
< 
= 5 
v7) re) 
c= > 
of = 
O6 5 
a = 
a wo 
o& Fd 
o>? & 
= : 
wi 
o - 
oO 
w nan 
= E 
> 
0 80 120 160 
Tc, CASE TEMPERATURE (°C) a CASE cee (°C) 
FIGURE 13. LATCHING CURRENT AS A FUNCTION OF FIGURE 14. GATE THRESHOLD VOLTAGE AS A FUNCTION OF 
JUNCTION TEMPERATURE JUNCTION TEMPERATURE 


To = 25°C, Vge = -15V, Rg = 250, L = 100uH 


10° $3 Sassi aes Serie meses: 15 
Be = at a « 9 

Z _— fo 
E : S 
FE = 10" eo ae bas =: ns 
a vw F 0.02 LMA Te AR 1111 ed LT ll we 8 5 = 
yw aes ‘| rier FIG. 17, CIRCUIT 1 
22 0" a Zatti seti sent ewesrt ew 8 . 
= 5 
== a 3 in. 
2 Baill TM com or or to Hil ia = 

yo LLL LU LU ETN CT TTT = + : 

105 = 10 10° 1 10"! 10° 10! 0 100 200 300 400 500 
t,, RECTANGULAR PULSE DURATION (s) Vcg, COLLECTOR-EMITTER (V) 
FIGURE 15. IGBT NORMALIZED TRANSIENT THERMAL FIGURE 16. LATCHING CURRENT AS A FUNCTION OF 
IMPEDANCE, JUNCTION TO CASE COLLECTOR-EMITTER VOLTAGE 
Test Circuits 
CIRCUIT 2 


CIRCUIT 1 


D, = GS! TranZorb 


Voc = 350V Voc = 350V 
+ 


FIGURE 17. INDUCTIVE SWITCHING TEST CIRCUITS 
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HGTD8P50G1, HGTD8&P50G1S 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
10) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Icg) plots are possible using the information shown 
for a typical unit in Figure 7, Figure 8 and Figure 9. The oper- 
ating frequency plot (Figure 10) of a typical device shows 
fwax1 OF faxe Whichever is smaller at each point. The infor- 
mation is based on measurements of a typical device and is 
bounded by the maximum rated junction temperature. 


fax is defined by fryax1 = 0.05/tp(oFF)- tb(OFF)! deadtime 
(the denominator) has been arbitrarily held to 10% of the on- 
state time for a 50% duty factor. Other definitions are 
possible. tp(orFy is defined as the time between the 90% 
point of the trailing edge of the input pulse and the point 
where the collector current falls to 90% of its maximum 
value. Device Turn-Off delay can establish an additional fre- 
quency limiting condition for an application other than T jax. 
to(oFF)! is important when controlling output ripple under a 
lightly loaded condition. fyyaxe is defined by fyaxe = (Pp - 
Pc)/Eorr. The allowable dissipation (Pp) is defined by Pp = 
(Tymax > Tc)/Reic. The sum of device switching and conduc- 
tion losses must not exceed Pd. A 50% duty factor was used 
(Figure 10) and the conduction losses (Pc) are approximated 
by Pc = (Vcr @ Icg)/2. Eorr is defined as the integral of the 
instantaneous power loss starting at the trailing edge of the 
input pulse and ending at the point where the collector 
current equals zero (Icg¢ = 0A). 


The switching power loss (Figure 10) is defined as fyyaxo 
Eorr. Turn-On switching losses are not included because 
they can be greatly influenced by external circuit conditions 
and components. 


Handling Precautions for IGBTs 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application procedures, 
however, IGBTs are currently being extensively used in 
production by numerous equipment manufacturers in 
military, industrial and consumer applications, with virtually 
no damage problems due to electrostatic discharge. IGBTs 
can be handled safely if the following basic precautions are 
taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as “tECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 
circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage 
rating of Vgey. Exceeding the rated Ver can result in per- 
manent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are 
essentially capacitors. Circuits that leave the gate open- 
circuited or floating should be avoided. These conditions 
can result in Turn-On of the device due to voltage buildup 
on the input capacitor due to leakage currents or pickup. 


7. Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate 
protection is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 


HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 
4,587,713 4,598,461 4,605,948 4,618,872 
4,641,162 4,644,637 4,682,195 4,684,413 
4,794,432 4,801,986 4,803,533 4,809,045 
4,860,080 4,883,767 4,888,627 4,890,143 
4,969,027 
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4,466,176 4,516,143 4,532,534 4,567,641 
4,620,211 4,631,564 4,639,754 4,639,762 
4,694,313 4,717,679 4,743,952 4,783,690 
4,809,047 4,810,665 4,823,176 4,837,606 
4,901,127 4,904,609 4,933,740 4,963,951 
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Selection Guide 


HARRIS STANDARD AND FAST RECOVERY RECTIFIER PRODUCT LINE 


DO-204 


GER4001 A114F 
GER4002 A114A 


800V 1N5062 1N4248 GER4006 a 
1000V A14P 1N4249 GER4007 Ll 


@ HARRIS HRP2540 


April 1995 Power Rectifier/Power Surge Suppressor 
Features Package 
e Low Forward Voltage Drop (1.1V Max at 100A) JEDEC TO-220AB 
¢ High Reverse Energy Capability Ax 


A 
¢ Controlled Maximum Avalanche Voltage (40V Max at 40A) LF 
Applications CATHODE SA 


e Alternator Rectification ae, 


¢ Accessory Load Dump Protector 


¢ High Current Forward Voltage Clamp 
Symbol 


Description 


The HRP2540 (TA9673) is a high forward current, high 
reverse energy controlled avalanche power rectifier. It uses 
an ion-implanted planar epitaxial construction. This device 
was designed for use as the output rectifier in the three 
phase six diode bridge assembly of an automotive alternator 
system. It provides “Load Dump” suppression by virtue of its 
precisely controlled reverse avalanche breakdown voltage. 
When used singly it can also serve as a transient suppressor 
for an automotive accessory. This device can provide for- 
ward voltage clamping and reverse voltage bypassing. This 
will protect the accessory from L-C inductive spikes and/or 
field decay transients. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
HRP2540 TO-220AB HRP2540 


NOTE: When ordering, use the entire part number. 


“”) 

Oo 
inuad 
<z°O 
abe 
20 
HO 
Oa 
ce 
pa 
ou 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 

HRP2540 UNITSVm 
DOC Péak Repetive Reverse Volage. .....ccscccsncesccdervasewuseanns VarRm 23 V 
AMS Forward Curent (les (5 Chi ssiscccanonevscaehianeestaeavebens lams 25 a 


Average Rectified Forward Current 
(Single Phase Resistive Load Tg = 125°C)... eee cc eeeee lo 22 A 
Non-Repetitive Peak Forward Surge Current............... 0. eee eee ee nee lESM 600 A 
(Surge Applied at Rated Load Conditions, Halfwave, Single Phase 60Hz) 


PONGl EGGDAUON, 2. ein soured d cUbsc Dene vans besten sere eet TReseoneenwn Py 
PO Oo Cy osinn vers dane akws oven ebadecnshadsodidpceneuasdees purine 100 Ww 
Dierated abGV6 29°C. cc ccc civ awese rank eke vce a Rsae hd dos ed EE OR SE OS 0.8 wc 


Operating and Storage Junction Temperature Range.................. Tstq@ Ty -65 to 150 °C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 2942 1 
Copyright © Harris Corporation 1995 4-3 


Specifications HRP2540 


Electrical Specifications T, = 25°C, Unless Otherwise Specified 


a ee 
SS 
a Sd 
Se 
SS 
a a 
a 


Breakdown Voltage (Note 2) Tc = 85°C 
Thermal Resistance 


NOTES: 
1. Pulse Test: Pulse width <300us duty cycle <2.0%. 
2. Pulse Test: Pulse width <10ms, duty cycle <2.0%. 


Typical Performance Curves 


2 2 
<x — ett ett ttt tititt ttt ttint t ttt t+ ttt 
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: : SKS 

Soo LMS tT 

: Se ccrse age, 

rs Senn, 
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PS & S25 SS SE S2e SS SESE SS SEe-... — 

re > uit CO ‘iar 

S s = » SINGLE PHASE c Tu OT TTT TT 

<q [22+ THREE-PHASE/HALF BRIDGE og CLLLUIMT TUE TPT PTT PET 


Tc, CASE TEMPERATURE (C°) PULSE WIDTH (ms) 


FIGURE 1. MAXIMUM FORWARD CURRENT vs TEMPERATURE FIGURE 2. MAXIMUM REVERSE CURRENT vs PULSE WIDTH 
DERATING CURVE 


40 
< S 38 | | td 
: : [| ssc | 
a <2 36 x ——— 
E : — 
: 3 TT ttt 
es wy «34 
Z D | asec | 
i 2 _ 
ve) c 
: ae ee 
i > 30 a —_. 
ne ae] | 
0 5 10 15 20 25 30 35 40 
0.5 0.6 0.7 0.8 0.9 1.0 1.1 I, REVERSE CURRENT (A) 
Ve, FORWARD VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE VOLTAGE vs REVERSE 
VOLTAGE CURRENT 
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HRP2540 


Typical Performance Curves (Continued) 


C, CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 5. TYPICAL CAPACITANCE vs REVERSE VOLTAGE 


Tn | 
| | ee’. 
Ht} aT wae 
TTA ||| Pirearo 


TTT | 
ot et pin 
0.1 F 0.05 reat | | | f =|"! ty | 
-__ iit ze 
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a 
5 ttt ee asses POWER 
AT TU pucse rRain sHown 
READ TIME AT t, 
0.01 TyPEAK) > Tc = Pipea) Reycit) 
"0.01 0.1 ' 10 100 1000 


r(t), NORMALIZED EFFECTIVE 
TRANSIENT THERMAL RESISTANCE 


t, TIME (ms) 


FIGURE 7. TRANSIENT THERMAL RESISTANCE 


POWER DISSIPATION MULTIPLIER 
r=) 
ro) 


0 25 50 75 100 125 150 
Tr, CASE TEMPERATURE (°C) 


FIGURE 6. NORMALIZED POWER DISSIPATION vs TEMPERA- 


TURE DERATING CURVE 


Exploded View 
SUGGESTED MOUNTING HARDWARE FOR JEDEC TO-220AB 


SCREW, 6.32 


NR231A 
RECTANGULAR METAL 
WASHER 


DF103B 
MICA INSULATOR 

HOLE DIA. = 0.145 - 0.141 IN. 
(3.68 - 3.58mm) 


a(t an 


HEAT SINK 
(CHASSIS) 


DF378F 

INSULATING SHOULDER WASHER 
1.D. = 0.156 IN. (4.00mm) 
SHOULDER DIA. = 0.250 IN. 
(6.35mm) MAX. 

METAL WASHER 

LOCK WASHER 

HEX NUT 


SOLDER LUG 


HEX NUT 


NOTE: Maximum torque applied to mounting flange is 8 in. Ib. 
(0.09kgf m). 
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SELECTION GUIDE 
ULTRAFAST SINGLE DIODE DATA SHEETS 


MUR810, MUR815, 
MUR820, RURP810, 
RURP815, RURP820 


MUR840, MUR850, 
MUR860, RURP840, 
RURP850,RURP860 


MUR870E, MUR880E, 
MUR890E, MUR8100E, 
RURP870, RURP880, 
RURP890, RURP8100 


MUR1510, MUR1515, 
MUR1520, RURP1510, 
RURP1515, RURP1520 


RURD410, RURD415, 
RURD420, RURD410S, 
RURD415S, RURD420S 


RURD440, RURD450, 
RURD460, RURD440S, 
RURD450S, RURD460S 


RURD4120, RURD4120S 


RURD610, RURD615, 
RURD620, RURD610S, 
RURD615S, RURD620S 


RURD640, RURD650, 
RURD660, RURD640S, 
RURD650S, RURD660S 


RURD6120, RURD6120S 


RURG3010, RURG3015, 
RURG3020 


RURG3040, RURG3050, 
RURG3060 


RURG3070, RURG3080, 
RURG3090, RURG30100 


RURG30120 


8A, 100V - 200V Ultrafast Diodes ........ 0.0... cc eee eee eee eens 


8A, 400V - 600V Ultrafast Diodes ............ 0... eee eee eee e nee 


8A, 7OOV - 1000V Ultrafast Diodes ........... 0... 0... ee eee eee 


15A, 100V - 200V Ultrafast Diodes ....... 0... 0... ee eee teens 
15A, 400V - 600V Ultrafast Diodes .......... 0.0... ee ee ee eens 


4A, 100V - 200V Ultrafast Diodes ........ 0.0... ee eee eee ene enes 


4A, 400V - 600V Ultrafast Diodes ...... 0... 0... eee ee ee eee ees 


4A, 1200V Ultrafast Diodes.......... 00.0. ee ee eee eee eeaes 
6A, 100V - 200V Ultrafast Diodes .......... 0... ce ee ee ee eee eas 


6A, 400V - 600V Ultrafast Diodes ........ 0... 00. ee ee ee ees 


6A, 1200V Ultrafast Diodes .......... 0.0... ee ee ee eee een enees 
30A, 100V - 200V Ultrafast Diodes .......... 0.0... ce cee eee ne een 
30A, 400V - 600V Ultrafast Diodes ......... 0... 0 cee eee eee eee 


30A, 7OOV - 1000V Ultrafast Diodes ........... 00.00. ee eee eens 


SOA, IZ200V Ulralast DIONE . cic cue cia ance vadns dius Guan ens daacséeeccaasuaane 
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RURGS5040, RURGS5O50, 
RURG5060 


RURGS5070, RURG5080, 
RURG5090, RURG50100 


RURG50120 
RURG75120 


RURG8040, RURG8050, 
RURG8060 


RURG8070, RURG8080, 
RURG8090, RURG80100 


RURP8120 


RURP1570, RURP 1580, 
RURP1590, RURP15100 


RURP15120 


RURP3010, RURP3015, 
RURP3020 


RURP3040, RURP3050, 
RURP3060 


RURP3070, RURP3080, 
RURP3090, RURP30100 


RURP30120 


RURU5040, RURU5050, 
RURU5060 


RURU5070, RURUS5080, 
RURUS5090, RURU50100 


RURU50120 
RURU75120 


RURU8040, RURU8050, 
RURU8060 


RURU8070, RURU8080, 
RURU8090, RURU80100 


RURU10040, 
RURU10050, RURU10060 


RURU100120 


RURU15040, 
RURU15050, RURU15060 


RURU15070, 
RURU15080, 
RURU15090, 
RURU150100 


Ultrafast Single Diodes (continues) 


PAGE 
50A, 400V - 600V Ultrafast Diodes ........... 0... ee ee eee ee eee 5-57 
50A, 700V - 1000V Ultrafast Diodes ......... 0... 0. ee ee eee eee 5-60 
50A, 1200V Ultrafast Diode ....... 0... ee ee eee eee eee ee eee 5-63 
7T5A, 1200V Ultrafast Diode... cnc nancwersuncnewueesaneweneeucepensvaeneueenea 5-67 
80A, 400V - 600V Ultrafast Diodes... . 0... ce eee eee eee eae 5-70 
80A, 7OOV - 1000V Ultrafast Diodes ...... 0... 0... ce eee eee 5-73 
BA, Tao’ WiNrSlaSt DIGGS. acs ksou ee db us.ews ¥ how weno REE OO OR KOE SS Been ebb eex 5-76 
15A, 7OOV - 1000V Ultrafast Diodes ....... 0.0... ce ee ee eee eens 5-80 
TOA, TZ0OV Uieias LOGE «ngs eds dewbva eee nares £96 EH EK ONO EO bed REDE EC asew ws 5-83 
30A, 100V - 200V Ultrafast Diodes ........... 0... ee ee ee eee 5-87 
30A, 400V - 600V Ultrafast Diodes ....... 0... 0... ee ee eee 5-90 
30A, 700V - 1000V Ultrafast Diodes ....... 0... ce ee eee eee eee eee 5-93 
SOA, 12Z200V Ulifatast Di0dG.......<cccccavenuesvuccavunssusweukewubeevunwanene ues 5-96 
50A, 400V - 600V Ultrafast Diodes ......... 0.0.0. ee ee eee ee nee 5-99 
50A, 7OOV - 1000V Ultrafast Diodes ...... 20... 0.0... ce ee ee eee ee 5-102 
BOR, T200V Ulimiast DICKS ...6 ccc cea be eho HSC AHO HERE RHMEDS CREEK ORS EOR OOS 5-105 
75A, 1200V Ultrafast Diode... 1... ec eee ee nee eee neenee 5-109 
80A, 400V - 600V Ultrafast Diodes .... 0.0... cece ec cece eee eeeeeeeenens 5-112 
80A, 700V - 1000V Ultrafast Diodes ........... 0... ce ee ee eee een eee 5-115 
100A, 400V - 600V Ultrafast Diodes ...... 0.0... 0. ee ee eee ee 5-118 
1004, 1200V Ultrafast Diode. cc in ccc dtceww ceed deeawaecadseueuveaevudneawann 5-121 
150A, 400V - 600V Ultrafast Diodes ........ 2... .. 0. ee eee eee ae 5-124 
150A, 700V - 1000V Ultrafast Diodes ........ 20... 0... cc ee cence eee 5-127 
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HARRIS ULTRA-FAST RECOVERY RECTIFIER PRODUCT LINE 


RURD410 | RURD610 | RURD410S | RURD610S 


RURP810 | RURP1510 
1.0V 35ns]1.0V 35ns}1.0V 35ns}1.0V 35ns]0.975V 35nst}1.05V35ns 


RURD415 RURD615 | RURD415S | RURD615S MUR815 MUR1515 | RURP3015 | RURG3015 
RURP815 }| RURP1515 
1.0V 35ns}]1.0V  35ns}1.0V 35ns]}1.0V 35nS}0.975V35nst}1.05V35ns |1.0V50ns_ {1.0V50ns 


RURD420 | RURD620 | RURD420S | RURD620S MUR820 MUR1520 | RURP3020 | RURG3020 
RURP820 | RURP1520 
35nsj1.0V 35ns]1.0V 35ns}1.0V 35ns}1.0V 35nst]1.05V35ns |1.0V50ns_ = |1.0V50ns 


RURD640 | RURD440S | RURD640S MUR840 MUR1540 | RURP3040 | RURG3040 
RURP840 | RURP1540 
1.5V  60ns]1.5V 60ns]}1.5V 60ns}1.5V 60ns}]1.3V 60nst]1.25V60ns |1.5V60ns 


RURD450 | RURD650 | RURD450S | RURD650S MUR850 MUR1550 | RURP3050 
RURP850 | RURP1550 
60ns}1.5V 60ns]}1.5V 60ns}]1.5V 60nst}1.5V6O0ns 41.5V6O0ns {1.5V60ns_~ }1.6V 75ns}1.6V 85ns]}1.6V 


RURD660 RURD460S | RURD660S MUR860 MUR1560 | RURP3060 | RURG3060 | RURG5060 RURG8060 
RURP860 | RURP1560 
60ns}1.5V 60ns}1. 1.5V60ns 1.5V60ns 1.6V 75ns}1.6V 


RURP3070 | RURG3070 


150V 


200V 


1.0V 
RURD440 


400V 


1.5V60ns 
RURG3050 


1.6V 85ns]}1.6V 100ns }1.6V 100ns 
RURU8050 RURU10050 RURU15050 


500V RURGS5050 | RURG8050 | RURU5050 


1.5V 60ns]}1.5V 
RURD460 


75ns}1.6V 85ns}1.6V 100ns |1.6V 100ns 
RURU5060 RURU8060 RURU10060 RURU15060 


600V 


60ns11.5V 85ns}1.6V 75ns}1.6V 85ns}1.6V 100ns |1.6V 100ns 


RURGS5070 | RURG8070 | RURU5070 | RURU8070 RURU 10070 RURU15070 


700V 


1.8V150ns_ 41.8V150ns 
RURP3080 | RURG3080 


1.9V 200ns}1.9V 200ns}]1.9V 200ns11.9V 200ns 
RURG5080 RURG8080 RURU5080 RURU8080 


1.9V 200ns 


RURU 10080 RURU15080 
1.9V 200ns}1.9V 200ns]1.9V 200ns]1.9V 200ns 1.9V 200ns 
RURG5090 RURG8090 RURU5090 RURU8090 RURU 10090 RURU15090 

1.9V 200ns}1.9V 200ns]1.9V 200ns 1.9V 200ns 
RURU100100 | RURU150100 

RURP8100 
1.8V 110nsi1.8V125ns [1.8V150ns 41.8V150ns 41.9V 200ns]1.9V 200ns]1.9V 200ns}1.9V 200ns 1.9V 200ns 


1200V} RURD4120 | RURD6120 | RURD4120S | RURD6120S | RURP8120 |RURP15120]/RURP30120]RURG30120} RURG50120 | RURG75120 | RURU50120 | RURU75120 | RURU100120 | RURU150120 
2.1V 90ns]2.1V 90ns]{2.1V 90ns]2.1V 90ns]2.1V 110ns}2.1V130ns }2.1V150ns {2.1V150ns [2.1 200ns}2.1V 200ns}j2.1V  200ns]2.1V  200ns/2.1V 200ns 


ITALICS = Future Product Offerings; Vr at Iravay, Ty = 25°C; Trp at lrava), dip/dt = 100A/usec T, = 25°C; + Tarati-=1A. 


800V 


1.8V150ns 
RURP3090 


1.8V150ns 
RURG3090 


1000V 


~ ef ft 


ULTRAFAST 


SINGLE DIODES 
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MUR810, MUR815, MUR820, 


UAE'S RURP810, RURP815, RURP820 


SEMICONDUCTOR 


uD 


June 1995 8A, 100V - 200V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery..............eseee08. <25ns JEDEC TO-220AC 
¢ Operating Temperature...............000e cence +175°C -— 
e Reverse Voltage Up To ... 1... . cee e wee e ee enews 200V — 
¢ Avalanche Energy Rated CATHODE LA Sane 
(FLANGE) 
e Planar Construction cos 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 
¢ General Purpose 


Description Symbol 
MUR810, MUR815, MUR820, RURP810, RURP815 and K 
RURP820 are ultrafast diodes with soft recovery characteristics 
(tan < 25ns). They have low forward voltage drop and are silicon 
nitride passivated ion-implanted epitaxial planar construction. 
These devices are intended for use as freewheeling/clamping diodes 
and rectifiers in a variety of switching power supplies and other power “ 
switching applications. Their low stored charge and ultrafast soft Wl 
recovery minimize ringing and electrical noise in many power switch- A 7) 5 
ing circuits reducing power loss in the switching transistors. = ral 
PACKAGE AVAILABILITY aa in 
PARTNUMBER | PACKAGE | BRAND = S 
MUR810 TO-220AC MUR810 o 
MUR815 TO-220AC MUR815 
MUR820 TO-220AC MUR820 
RURP810 TO-220AC RURP810 
RURP815 TO-220AC RURP815 
RURP820 TO-220AC RURP820 
NOTE: When ordering, use the entire part number. 
Formerly developmental type TA09223. 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
MUR810 MUR815 MUR820 
RURP810 RURP815 RURP820 UNITS 
Peak Repetitive Reverse Voltage. ............ 0. . cee eee eee VrRM 100 150 200 V 
Working Peak Reverse Voltage ............ cee eee eee eee eee VrRwem 100 150 200 V 
DG BIOCKING VOURGG. sks ckce cae ee nad Preeenewnnedndnceeeas ears Vr 100 150 200 V 
Average Rectified Forward Current .......... 0.0.00. eee eee ees lF(AV) 8 8 8 A 
(To = +157°C) 
Repetitive Peak Surge Current. ............ ccc eee eee eee eee lESmM 16 16 16 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.......... 0... cece eee eee lesm 100 100 100 A 
(Halfwave, 1 Phase, 60Hz) 
Masamurn POWOr DISSIDAUON 2 css cccew sea cneeweveriaenaes enna Pp 50 50 50 W 
Avalanche Energy (See Figures 10 and 11)....................4. Fav 20 20 20 mJ 
Operating and Storage Temperature ...................-05. Tsta, Ty -65 to +175 -65 to +175 -65 to +175 a 


Copyright © Harris Corporation 1995 
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File Number 1355.4 


Specifications MUR810, MUR815, MUR820, RURP810, RURP815, RURP820 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


MUR810, RUR 
TYP UNITS 


Vp = 100V, To = +25°C 

Vp = 150V, To = +25°C 

Vp = 200V, To = +25°C 

Vp = 100V, To = +150°C 
Vp = 150V, To = +150°C 
Vr = 200V, To = +150°C 
Ip = 1A, dip/dt = 200A/us 
I; = 8A, dip/dt = 200A/us 
I; = 8A, dif/dt = 200A/us 
I; = 8A, di/dt = 200A/us 
I; = 8A, dig/dt = 200A/us 


Rec 
DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
IR = Instantaneous reverse current . 
trp = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of IRwy (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled Avalanche Energy (See Figures 10 and 11). 
pw = pulse width. . 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,-/dt 
L, = SELF INDUCTANCE OF +V3 
Rg + Loop R, ty 2 Stamax) 
t2>trr 
tg >0 
+, Ly _ ta(min) 
ome we 
o te te 
<>! i! 
_te: 
] . s 
i, 
_ = ty 
4 
jam b 
FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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MUR810, MUR815, MUR8&20, RURP8&10, RURP815, RURP8&20 


Typical Performance Curves 


DC — 


———_—_— 
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= — SE ———— 
or 
fr: 0.09 ee = — 
0.001 . Fie caceateeed 
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Ve, FORWARD VOLTAGE (V) Vp, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
99 Te= +25°C, di¢/dt = 200A/is Tc = +1 00°C, di-/dt = 200A/is 
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Ic, FORWARD CURRENT (A) Ir, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL trp, tg AND tg CURVES vs FORWARD FIGURE 6. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C CURRENT AT +100°C 
Tc = +175°C, di-/dt = 200A/us 
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FIGURE 7. TYPICAL trp, tg AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT AT +175°C 
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MUR810, MUR815, MUR820, RURP810, RURP815, RURP820 


Typical Performance Curves (continued) 


Cy, JUNCTION CAPACITANCE (pF) 


Vp, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 
L = 40mH 
R<0.1Q 
Eavi = 1/2? [(VaviAVavi - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs L 
Q; R +€ 
Vop 


Pat — 
DUT 
I 
: I+, 
4- CURRENT 
1302 4- SENSE 


12V to ty te we 


FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
WAVEFORMS 


Ga HARRIS MUR840, MUR850, MUR860, 
o"""** RURP840, RURP850, RURP860 


June 1995 8A, 400V - 600V Ultrafast Diodes 


Features Package 


e Ultrafast Recovery Time (tar < 50ns) JEDEC TO-220AC 


Low Forward Voltage ANODE 


Low Thermal Resistance 4 CATHODE 
CATHODE 


Hard Glass Passivation (FLANGE) . 
Wire-Bonded Construction Ss 
Applications SZ 
e General Purpose 

¢ Power Switching Circuits to 100kHz Sym bol 


¢ Output Rectification in Switching Power Supplies 
Description 


MUR840, MUR850, MUR860 and RURP840, RURP850, 
RURP860 are low forward voltage drop ultrafast recovery 
rectifiers (tan < 50ns). They use a glass-passivated ion- 
implanted, epitaxial construction. 


These devices are intended for use as output rectifiers and fly- 
wheel diodes in a variety of high-frequency pulse-width modu- 
lated switching regulators. Their low stored charge and attendant 
fast reverse-recovery behavior minimize electrical noise genera- 
tion and in many circuits markedly reduce the turn-on dissipation PACKAGING AVAILABILITY 


of the associated power switching transistors. 
PART NUMBER | PACKAGE | BRAND 


ULTRAFAST 
SINGLE DIODES 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
MUR840 MUR850 MUR860 
RURP840 RURP850 RURP860 


Peak Repetitive Reverse Voltage 400V 500V 600V 
Working Peak Reverse Voltage, Vawn 
DC Blocking Voltage, Vr 


Average Rectified Forward Current 8A 8A 8A 
Total Device, (Rated Va), To = +150°C 


Peak Repetitive Forward Current 16A 16A 16A 
(Rated Vp, Square Wave, 20kHz), Tc = +150°C 


Nonrepetitive Peak Surge Current 100A 100A 100A 
(Surge Applied at Rated Load Conditions Halfwave, Single Phase, 60Hz) 


Operating and Storage Temperature Tsta, Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C 


Maximum Lead Temperature During Solder 260°C 260°C 260°C 
(At distance > 1? (3.17mm) from case for 10s max) 


Copyright © Harris Corporation 1995 File Number 2091.3 
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Specifications MUR840, MUR850, MUR860, RURP840, RURP850, RURP860 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


MUR840, RURP840 


SYMBOL 


IR at 
To = +150°C 


TEST CONDITION 


Fo = 8A, To = +150°C 


io) 


Ip = 8A, Tc = +25°C 


Ww 


Vp = 400V 


Vp = 500V 


Vp = 600V 


Vp = 400V 


_ 
oO 
oO 


oO 
oO 


1. di-/dt = 50A/us. 
2. In = 1.0A, Ipec = 0.25A. 


LIMITS 
MUR850, RURP850 


TYP 


uo 


= 
oO 
oO 


oO 


Typical Performance Curves 


100 


Ty = +1 50°C 


1 I 
Ty = +1 00°C 


Ir, FORWARD CURRENT (A) 


0.8 1 1.2 1.4 1.6 
Ve, FORWARD VOLTAGE (V) 


FIGURE 1. TYPICAL FORWARD VOLTAGE (MUR840, RUR840) 


1.8 2 
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100 


10 


T= +150°C 
| | 
P T, = +100°C 
| I 
Ty = +25°C 


| I 
Ty =-50°C 


Ir, FORWARD CURRENT (A) 


0.1 


0.4 0.6 0.8 1 1.2 1.4 1.6 


Ve, FORWARD VOLTAGE (V) 


FIGURE 2. TYPICAL FORWARD VOLTAGE (MUR850, MUR860, 
RUR850, AND RUR860) 


1.8 2 


MUR840, MUR850, MUR860, RUR840, RUR8&50, RUR8&60 


Typical Performance Curves (continued) 


10 
i asa an i= 


ae“ 
Ty = +150°C 


7 sf | ot typ 
: | 


Ip, REVERSE LEAKAGE CURRENT (1A) 
=) 

In, REVERSE LEAKAGE CURRENT (1A) 
° 


0.0001 


Vp, CATHODE - ANODE VOLTAGE (V) - suo. ANODE VOLTAGE (V) 


FIGURE 3.TYPICAL REVERSE LEAKAGE (MUR840, RURP840) FIGURE 4. TYPICAL REVERSE LEAKAGE (MUR850, MUR860, 
RURP850, AND RURP860) 


TYPICAL REVERSE RECOVERY TIME 
dip/dt > 100A/us 


@ 
_ Va =30V Ty =+25°C 
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= 
E 50 
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© 40 Lu 
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u 30 x O 
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> 20 = < 
F 52 
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0 2 4 6 8 10 12 14 16 
lz, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL REVERSE RECOVERY TIME (ALL TYPES) 
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MUR870E, MUR880E, MUR890E, 
MUR8100E, RURP870, RURP8&80, 
RURP890, RURP8100 


8A, 700V - 1000V Ultrafast Diodes 


FARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features Package 


JEDEC TO-220AC 
ANODE 
CATHODE 


¢ Ultrafast with Soft Recovery Characteristic 
(tar < 75ns) 


¢ +175°C Rated Junction Temperature 
e Reverse Voltage Up to 1000V 


e Avalanche Energy Rated 


Applications 

¢ Switching Power Supply 

¢ Power Switching Circuits Symbol 

¢ General Purpose K 
Description 

MUR870E, MUR880E, MURS890E, MUR8100E and 


RUR870, RUR880, RUR890, RUR8100 are ultrafast dual 
diodes (tan < 75ns) with soft recovery characteristics. They 
have a low forward voltage drop and are of planar, silicon 
nitride passivated, ion-implanted, epitaxial construction. 
PACKAGING AVAILABILITY 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 


PART NUMBER 


supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


MUR870E 
MUR880E 
MUR890E 
MUR8100E 
RURP870 
RURP880 


RURP8100 TO-220AC RURP8100 


NOTE: When ordering, use entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


MUR870E MUR880E MUR890E MUR8100E 
RURP870 RURP880 RURP890 RURP8100 
Peak Repetitive Reverse Voltage.................. VerRm 700V 800V 900V 1000V 
Working Peak Reverse Voltage .................. Vawno 700V 800V 900V 1000V 
DG Blocking VONAGE. . 66. 20ccecescnccensadviavnian Vr 700V 800V 900V 1000V 
Average Rectified Forward Current ................ lF(AV) 8A 8A 8A BA 
Total device forward current at rated 
Vp and To = +150°C) 
Peak Forward Repetitive Current.................. lcRM 16A 16A 16A 16A 
(Rated Vp, square wave 20kHZ) 
Nonrepetitive Peak Surge Current.................. lEsm 100A 100A 100A 100A 
(Surge applied at rated load condition 
halfwave 1 phase 60Hz) 
Operating and Storage Temperature ............ Tstg Ty -55°C to+175°C 9 -55°C to+175°C 9=-55°C to +175°C = -55°C to +175°C 


Copyright © Harris Corporation 1995 


File Number 2780.3 
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MUR870E, MUR880E, MUR890E, MUR8100E, RURP870, RURP8&8&0, RURP8&90, RURP8&100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


SYMBOL 


Ip at 
To = +150°C 


LIMITS 


MUR870E MUR880E, MUR8S9SOE, MURS8100E, 
RURP870 RURP880 RURP890 RURP8100 


TEST 
CONDITION 


Cc 
<= 
= 
” 


Ip = 8A 


= on 
i=) Oo 
oO =) 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lg = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/yis (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipiy through 25% of IR (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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BS 

U0 
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nm} = 
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ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS I; 
V2 AMPLITUDE CONTROLS di;,/dt 


L;=SELFINDUCTANCEOFR, "1 ye StAMAX) 
Li t2>trr 
+=LOOP t3>0 
+V; Ly. tain) 
0 
' 1 a 
| 2 
—a Ii 
roouon 
bor Wl 
| I 
| |~—«- tg 


VaM(REC) - —- — — — 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tar, ta AND ts 
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MUR870E, MUR880E, MUR890E, MUR8100E, RURP870, RURP880, RURP890, RURP8100 


Typical Performance Curves 


3.5 
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Ir, FORWARD CURRENT (A) 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 
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Iravg)» AVERAGE CURRENT (A) 
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Tc, CASE TEMPERATURE (°C) 
FIGURE 5. AVERAGE FORWARD CURRENT vs CASE 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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Ir, AVERAGE FORWARD CURRENT (A) 


FIGURE 4. AVERAGE FORWARD CURRENT vs AVERAGE 
POWER DISSIPATION 


lave)» AVERAGE CURRENT (A) 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 6. AVERAGE FORWARD CURRENT vs AMBIENT 
TEMPERATURE 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 
I_peak = 1A, L= 40mH, R< 0.1Q, Eavi = ("/9) LI7TVavi/(Vavi. - Vpp)] 


MUR1510, MUR1515, MUR1520, 
Go FARES euRP1510, RURP1515, RURP1520 


April 1995 15A, 100V - 200V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 


(tar < 30ns) 
¢ +175°C Rated Junction Temperature 
e Reverse Voltage Up to 200V 
e Avalanche Energy Rated 


Applications 

¢ Switching Power Supply 
e Power Switching Circuits 
¢ General Purpose Symbol 


Description 


MUR1510, MUR1515, MUR1520 and RURP1510, RURP1515, 

RURP1520 are ultrafast dual diodes (tar < 30ns) with soft recov- 

ery characteristics. They have a low forward voltage drop and K 
are of planar, silicon nitride passivated, ion-implanted, epitaxial 

construction. 


These devices are intended for use as energy steering/clamping 

diodes and rectifiers in a variety of switching power supplies and 

other power switching applications. Their low stored charge and A 
ultrafast recovery with soft recovery characteristics minimizes 

ringing and electrical noise in many power switching circuits thus 

reducing power loss in the switching transistor. 


PACKAGING AVAILABILITY 


[PARTNUMBER | PACKAGE [BRAND 


ULTRAFAST 
SINGLE DIODES 


RURP1515 TO-220AC RURP1515 
MUR1520 TO-220AC MUR1520 
RURP1520 TO-220AC RURP1520 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


MUR1510 MUR1515 MUR1520 
RURP1510 RURP1515 RURP1520 
Peak Repetitive Reverse Voltage.............. 0... cee eee ee eee VRRM 100V 150V 200V 
Working Peak Reverse Voltage ............. 00. c cece eee ee eee VRwM 100V 150V 200V 
DS BIOchiNg VONAGE, cncacakaaneuauas see Se he tee renteenc ee wales Vp 100V 150V 200V 
Average Rectified Forward Current ............ 0.0... c ee eee ene lF(av) 15A 15A 15A 
(Total device forward current at rated Vp and Tc = +150°C) 
Peak Forwanl Repetitive Current... 0.06 ss cence ere egeennaesnde l-ERM 30A 30A 30A 
(Rated Vp, Square Wave 20kHz) 
Nonrepetitive Peak Surge Current............ 0... 0. eee eee eee ee lEsm 200A 200A 200A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ..................-00005 Tstg, Ty -55°C to+175°C 3 =-55°C to+175°C ~=—s_ -55°C to. +1 75°C 
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Specifications MUR1510, MUR1515, MUR1520, RURP1510, RURP1515, RURP1520 


MUR1520, RURP1520 
UNITS 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


SYMBOL 


LIMITS 
MUR1515, RURP1515 


MUR1510, RURP1510 
P 


TEST 
CONDITION 


~4 
= 


+ 
< 


~< 


Ip = 15A 0.85 0.85 
To = +150°C 
Ip = 158 1.05 1.05 
To = +25°C 
Ip at VpR= = 100V 500 
To = +150°C 


Va = 150V 
Vr = 200V 


—_ 


0 


io) 


GW 
oO 


ao 
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DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lk = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current at dip/dt = 100A/us (See Figure 2). 
= Time from peak Ixy to projected zero crossing of Ipx, based on a straight line from peak Ipxy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, +V3 


V2 AMPLITUDE CONTROLS di,/dt te > St 
L, = SELF INDUCTANCE OF Ry, 1 b 7 — 
+V; Ay : ~ ‘A(MIN) 
| 10 
0 1 i] i} 
| Sit n= 
ce al ll 
peony 
iu 
1 1 ou 
| a4 |< ts 
| io 
6 1 it 
-V> 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tg 


5-16 


MUR1510, MUR1515, MUR1520, RURP1510, RURP1515, RURP1520 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 
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CURRENT 
Q, L R +O 
Vop 
/ 130Q 
DUT 
f ages 
12V 2 
4d— CURRENT 
1300 “ SENSE 
Vpp 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
TEMPERATURE 


I(ava), AVERAGE CURRENT (A) 
oe 


ty ty ty t 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


l_peak = 1A, L= 40mH, R< 0.1, Eavi = ("/) LI7[Vavi(Vave = Vpp)] 


ULTRAFAST 
SINGLE DIODES 


FARRIS 


SEMICONDUCTOR 


April 1995 


Features 


¢ Ultrafast with Soft Recovery Characteristic 
(tar < 55ns) 


¢ +175°C Rated Junction Temperature 
e Reverse Voltage Up to 600V 
e Avalanche Energy Rated 


Applications 
¢ Switching Power Supply 
¢ Power Switching Circuits 


¢ General Purpose 


Description 
MUR1540, MUR1550, MUR1560 and MRURP1540, 
RURP1550, RURP1560 are ultrafast dual diodes 


(tan < 55ns) with soft recovery characteristics. They have a 
low forward voltage drop and are of planar, silicon nitride 
passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


MUR1540, MUR1550, MUR1560, 
RURP1540, RURP1550, RURP1560 


15A, 400V - 600V Ultrafast Diodes 


Package 
JEDEC TO-220AC 
ANODE 
CATHODE 
CATHODE 
(FLANGE) 
Symbol 
K 
A 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


MUR1540 MUR1550 MUR1560 
RURP1540 RURP1550 RURP1560 
Peak Repetitive Reverse Voltage... ......... cece cee eee Varo 400V 500V 600V 
Working Peak Reverse Voltage ....... 2.0... cee cece eee tee Vrwa 400V 500V 600V 
DC BISCKing VONAQG. «nxn iu ce eess nue sseewte douse eae we Pee RawEs Vr 400V 500V 600V 
Average Rectified Forward Current ............ 2.00.2 ce eee eee lE(Av) 15A 15A 15A 
(Total device forward current at rated Vp and To = +150°C) 
Peak Forvarnd Repetitive Curemt.......ecce reece eencdeas po eens len 30A 30A 30A 
(Rated Vp, square wave 20kHz) 
Nonrepetitive Peak Surge Current ............ cece eee eee eee lesm 200A 200A 200A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature ................ 000 eee Tstq: Ty -55°C to+175°C = -55°C to +175°C ~3—s_ -55°C to +175°C 
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Specifications MUR1540, MUR1550, MUR1560, RURP1540, RURP1550, RURP1560 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


LIMITS 
SYMBOL CONDITION TYP TYP 
VF 
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Ip = 15A 
To = +150°C 
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DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lm = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
ts = Time from peak Ipy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,-/dt te>st 
L, = SELF INDUCTANCE OF Ry, 1 t a Mi ala 
+ Lioop ty > 0 
+V; si Z ta(MIN) 
R 10 
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i] i] im) 
| kre 
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peopon 
1 ion 
1 1 out 
| o> |= ts 


Vrm (REC) - —- —- — — 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tg 
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MUR1540, MUR1550, MUR1560, 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 
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FIGURE 5. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 7. AVALANCHE ENERY TEST CIRCUIT 


RURP1540, RURP1550, RURP1560 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 
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FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
TEMPERATURE 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 
I_peak = 1A, L = 40mH, R < 0.1Q, Egy, = ("/o) LI7[Vavi/(Vavi - Vop)] 
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HARRIS 


April 1995 
Features 
e Ultrafast with Soft Recovery................. <30ns 
e Operating Temperature................005- +175°C 
e Reverse Voltage Up to........... ccc eee eeenee 200V 


e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


RURD410, RURD415, RURD420, RURD410S, RURD415S, 
and RURD420S (TA49034) are ultrafast diodes with soft 
recovery characteristics (tay < 30ns). They have low forward 
voltage drop and are ion-implanted epitaxial planar 
construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast soft recovery minimize ringing and 
electrical noise in many power switching circuits, reducing 
power loss in the switching transistors. 


RURD410, RURD415, RURD420, 
semeone*<*°* RURD410S, RURD415S, RURD420S 


4A, 100V - 200V Ultrafast Diodes 


Package 
JEDEC STYLE TO-251 
ANODE 
CATHODE 
(FLANGE) 
JEDEC STYLE TO-252 
<> CATHODE 
— Sf » i (FLANGE) 
CATHODE 
Symbol 
K 
A 


PACKAGING AVAILABILITY 


[PARTNUMBER | PACKAGE | BRAND _ 
CRURDSIs | TO2s1__——+| RURAIS = 
PRURDS20 | To2s1__—_+| RURAZO 
CRURDATSS 

PRURDS20S | TO. 


TO-252 RUR415 
TO-252 RUR420 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RURD410 RURD415 RURD420 
RURD410S RURD415S RURD420S UNITS 
Peak Repetitive Reverse Voltage.................. VRRM 100 150 200 Vv 
Working Peak Reverse Voltage.................. VRwM 100 150 200 V 
DC Blocking VoONAQG: ..2 sic cccccescavrev cies ccesss Vr 100 150 200 V 
Average Rectified Forward Current ................ lF(Av) 4 4 4 A 
(To = +159°C) 
Repetitive Peak Surge Current..................0.4. lesm 8 8 8 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.................. lesm 40 40 40 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ...................0.05. Pp 30 30 30 W 
Avalanche Energy (L = 40mH).................... Fave 10 10 10 mj 
Operating and Storage Temperature............ Tsta Ty -65 to +175 -65 to +175 -65 to +175 °C 


Copyright © Harris Corporation 1995 
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ULTRAFAST 
SINGLE DIODES 


Specifications RURD410, RURD415, RURD420, RURD410S, RURD415S, RURD420S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
LIMITS 


RURD410 RURD415 


TEST RURD410S 


SYMBOL CONDITION 
le = 4A, To = +25°C 


Ve “04, Tee 
Ve lp = 4A, To = +150°C 


Vp = 100V, Te = +25°C 
Vp = 150V, To = +25°C 
Vr = 200V, Tg = +25°C 


Vp = 100V, Tc = +150°C 


Vp = 150V, To = +150°C 
Vp = 200V, Te = +150°C 


I; = 1A, die/dt = 100A/us 


l- = 4A, di-/dt = 100A/is 
I; = 4A, di-/dt = 100A/us 


I; = 4A, di-/dt = 100A/us 
|; = 4A, dif/dt = 100A/is 


z 
DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ip based on a straight line from peak Ip through 25% of Ij (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy (See Figures 9 and 10). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, 
V> AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF 
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t 2 Sta(MAx) 


+; ta(MIN) 
0 ' ' im} 
Fil he 
eS ee | 
ed 
| | 
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1a 
0 1 it 
Ms 
Vam ---- 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURD410, RURD415, RURD420, RURD410S, RURD415S, RURD420S 


Typical Performance Curves 
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RURD410, RURD415, RURD420, RURD410S, RURD415S, RURD420S 


IMAX =1A 
L = 40mH 
R<0.1Q 
Eave = 1/2LP [(VaviVavi - Voo)] 
Q, AND Q, ARE 1000V MOSFETs 
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FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT FIGURE 10. AVALANCHE CURRENT AND VOLTAGE 
WAVEFORMS 
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HARRIS RURD440, RURD450, RURD460, 
semrcowoe ere’ ® RURD440S, RURD450S, RURD460S 


April 1995 4A, 400V - 600V Ultrafast Diodes 


Features Package 


e Ultrafast with Soft Recovery JEDEC STYLE TO-251 


ANODE 


¢ Operating Temperature 
CATHODE 


e Reverse Voltage Up To 
e Avalanche Energy Rated 


: CATHODE 
e Planar Construction (FLANGE) 


Applications 

¢ Switching Power Supplies 

¢ Power Switching Circuits F BS cies 
fin 


e General Purpose ANODE © 
CATHODE 


JEDEC STYLE TO-252 


Description 


RURD440, RURD450, RURD460, RURD440S, RURD450S and 
RURD460S (TA49035) are ultrafast diodes with soft recovery charac- 
teristics (tap < 55ns). They have low forward voltage drop and are sili- 
con nitride passivated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping diodes 
and rectifiers in a variety of switching power supplies and other power 
switching applications. Their low stored charge and ultrafast soft recov- 
ery minimize ringing and electrical noise in many power switching cir- 
cuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


ULTRAFAST 
SINGLE DIODES 


RURD460S 
NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings = T, = +25°C, Unless Otherwise Specified 


RURD440 RURD450 RURD460 
RURD440S RURD450S RURD460S UNITS 


Peak Repetitive Reverse Voltage V 
Working Peak Reverse Voltage V 
DC Blocking Voltage V 

A 


Average Rectified Forward Current 
(To = +160°C) 


Repetitive Peak Surge Current 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (L = 40mh) 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3140.2 
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Specifications RURD440, RURD450, RURD460, RURD440S, RURD450S, RURD460S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
— RURD440, RURD440S | RURD450, RURD450S | RURD460, RURD460S 
SYMBOL CONDITION TYP TYP UNITS 


lp = 4A, To = +150°C 

Vp = 400V, To = +25°C 

Vp = 500V, To = +25°C 
V 


_ 
oO 


0 


= 
> 


R = = 
Vr = 600V, To = +25°C 
R = 400V, To = +150°C 
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oe 
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pot ma 
po Ls 
| One| cZ 
P| ze 
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on 


Oo 


I; = 4A, di-/dt = 100A/us 
I; = 4A, die/dt = 100A/us 


I = 4A, die/dt = 100A/us 


I = 4A, dig/dt = 100A/us 


Va = 10V, Ip =0A 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
t, = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ixy to projected zero crossing of Ipx, based on a straight line from peak Ixy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 9 and 10). 
pw = pulse width. 
D = duty cycle. 


le = 1A, di¢/dt = 100A/us 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


5-26 


RURD440, RURD450, RURD460, RURD440S, RURD450S, RURD460S 


Typical Performance Curves 
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RURD440, RURD450, RURD460, RURD440S, RURD450S, RURD460S 


IMAX =1A 
L = 40mH 
R<0.10 
Eavi = 1/2LP [VaviAVavi - Vpo)] 
Q, AND Q, ARE 1000V MOSFETs 
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FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT FIGURE 10. AVALANCHE CURRENT AND VOLTAGE 
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on -_ — RURD4120, 
emioonueron RURD4120S 


April 1995 4A, 1200V Ultrafast Diodes 
Features Packages 
e Ultrafast with Soft Recovery..............0eeeeeeee <70ns JEDEC STYLE TO-251 
¢ Operating Temperature ............ 0.00 cece ee eees +175°C enpien 
» CATHODE 

* RGVGISS VONGHG so cis ccdiceseceerkrncceawedennns 1200V 
¢ Avalanche Energy Rated CATHODE 

(FLANGE) 


e Planar Construction 


JEDEC STYLE TO-252 


Applications 
¢ Switching Power Supplies CATHODE 
a ee y (FLANGE) 
¢ Power Switching Circuits CATHODE FY2 on 
ANODE 
¢ General Purpose 
Description 
The RURD4120 and RURD4120S (TA49036) are ultrafast diodes Symbol 
with soft recovery characteristics (tap < 70ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion-implanted w 
epitaxial planar construction. K = = 
2) 
These devices are intended for use as freewheeling/clamping < 2) 
diodes and rectifiers in a variety of switching power supplies and = 5 
other power switching applications. Their low stored charge and = aa 
ultrafast soft recovery minimize ringing and electrical noise in many = = 
power switching circuits reducing power loss in the switching tran- A o 
sistors. 
PACKAGING AVAILABILITY 

RURD4120 TO-251 UR4120 

RURD4120S TO-252 UR4120 
NOTE: When ordering, use the entire part number. Add the suffix 9A to obtain 
the TO-252 variant in the tape and reel, i.e., RURD4120S9A. 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 

RURD4120, RURD4120S UNITS 

Peak Repetitive Reverse Voltage... ...... 0... cece eee eee VrRRM 1200 V 
Working Peak Reverse Voltage ............ 0 cece eee eee ne VrwM 1200 V 
De EROCRN VONDORS is n< on och eee iw e Ones S4n DRe Rs ae we Se ees eRe sone se Vr 1200 V 
Average Rectified Forward Current ........ 0... 0. cee eee eee eee ee lF(av) 4 A 

(To = +152°C) 
Repetitive Peak Surge Current... cc cnccsasectawvscsesewsssetiaenn lESm 8 A 

(Square Wave, 20kHz) 
Nonrepelitive Peak Surge Current .....50c0ncevsewrsaecrexveaseuwans lesm 40 A 

(Halfwave, 1 Phase, 60Hz) 
MEIN POWSE DISSIOAUON ccc nwns dank neOn die Rede ONE EKO RRO REELS Pp 50 W 
Avalanche Energy (See Figures 10 and 11). ........... 0.0... eee eee Eavi 10 mj 
Operating and Storage Temperature ............... 000 c cece eee Tstq@ Ty -65 to +175 °C 
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Specifications RURD4120, RURD4120S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST CONDITION 


l- = 1A, die/dt = 200A/us 


I; = 4A, die/dt = 200A/us 


I = 4A, di-/dt = 200A/us 


Resc 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lk = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak lpn to projected zero crossing of Ipyy based on a straight line from peak Ipyy through 25% of Ipyy (See Figure 2). 
Qrr = Reverse recovery time. 
C, = Junction capacitance. 
Rejc = Thermal resistance junction to case. 
Eav. = Controlled Avalanche Energy, (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V; AMPLITUDE CONTROLS I, 
V, AMPLITUDE CONTROLS di,/dt 
L,; = SELF INDUCTANCE OF 

Ry + LLoop 


ty 2 Starmax) 


Vam - - — — 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURD4120, RURD4120S 


Typical Performance Curves 


Iz, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C, dip/dt = 200A/s 


t, RECOVERY TIMES (ns) 


ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


Tc = +175°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 


5-31 


10 


0.1 


OC —————— 


lg, REVERSE CURRENT (1A) 


600 800 1200 


Vr, REVERSE VOLTAGE (V) 


1000 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +100°C, di,/dt = 200A/us 


t, RECOVERY TIMES (ns) 


ULTRAFAST 
SINGLE DIODES 


ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


IF(av), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RURD4120, RURD4120S 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IMAX =1A 
L=40mH 
R<0.12 
Eavi = 12LP [VaviVavi - Yoo) 
Q, AND Q, ARE 1000V MOSFETs 
L R 
Q; +CQ 
Vpp 
1302 
F 7 | DUT 
Q2 
12V 
4- CURRENT 
1302 4 SENSE 
Vop 


| *¢ 
12V 


FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT 


FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
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WAVEFORMS 


April 1995 


ta TIARRIS 


Features 

¢ Ultrafast with Soft Recovery 
e Operating Temperature 

¢ Reverse Voltage Up To 

e Avalanche Energy Rated 

e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RURD610, RURD615, RURD620, RURD610S, RURD615S and RURD620S 
(TA49037) are ultrafast diodes with soft recovery characteristics (tar < 30ns). 
They have low forward voltage drop and are ion-implanted epitaxial planar con- 
struction. 


These devices are intended for use as freewheeling/clamping diodes and recti- 
fiers in a variety of switching power supplies and other power switching applica- 
tions. Their low stored charge and ultrafast soft recovery minimize ringing and 
electrical noise in many power switching circuits reducing power loss in the 
switching transistors. 


PACKAGING AVAILABILITY 


TO-252 RUR610 
TO-252 RUR615 
TO-252 RUR620 


NOTE: When ordering, use the entire part number. Add the suffix 9A to obtain the 
TO-252 variant in the tape and reel, i.e., RURD610S9A. 


RURD620S 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


RURD610 
RURD610S 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +160°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (L = 40mH) 

Operating and Storage Temperature 


Copyright © Harris Corporation 1995 


-65 to +175 


RURD610, RURD615, RURD620, 
semrconoest’’® RURD610S, RURD615S, RURD620S 


6A, 100V - 200V Ultrafast Diodes 


Packaging 
JEDEC STYLE TO-251 
ANODE 


GZ CATHODE 
SF 


CATHODE YQ 
(FLANGE) 


JEDEC STYLE TO-252 


CATHODE 


<o> (FLANGE) 
ANODE Li 


CATHODE 


Symbol 


ULTRAFAST 
SINGLE DIODES 


RURD615 
RURD615S 
150 
150 
150 
6 


RURD620 
RURD620S 


12 
60 60 


45 45 
10 10 
-65 to +175 -65 to +175 


3640.1 


File Number 


Specifications RURD610, RURD615, RURD620, RURD610S, RURD615S, RURD620S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
RURD610 RURD615 RURD620 
RURD610S RURD615S RURD620S 
SYMBOL TEST CONDITION 


le = 6A, To = +25°C 
I-= 6A, Tc= +150°C 


a = 


+ 


R = 150V, To = +25°C 
Vp = 200V, To = +25°C 


Vr = 100V, | Va = 100V, To = +150°C | +150°C 
Va = 150V, To = Bch inal 


[a= 20 To eS | 
Testa eon | 
r= BA aro 00m | 

ee 


I; = 6A, di¢/dt = 100A/us 


| = ft 
eo! 
= = 6A, di¢/dt = 100A/us P~ | 4 
| - | 3 
a 


1o) 


R= 10V, Ip =0A 


a | 
Ww — 
~“N 


DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
vl Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing Of Ip,, based on a straight line from peak Ipyy through 25% of Ipxy (See Figure 2). 
ms = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 9 and 10). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 

V2 AMPLITUDE CONTROLS di,-/dt 

L, = SELF INDUCTANCE OF 
R4+Lioop Ry 


ty 2 Sta(max) 


ty > tar 
tg >0 
“V; Bt Samy 
| Rg 10 
0 | 1 it 
| 2itg k= 
wes! 
| ty 1 ur 
| l 
: | , 
| | 
| pI ty 
I iol 
0 i] tt 
WU 
FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURD610, RURD615, RURD620, RURD610S, RURD615S, RURD620S 


Typical Performance Curves 


1 


< S$ 10 
3 - 
my) 4 
c Lu 
5 c 1 
Oo ) 
Q oO 
Ei 
= a 0.1 E= 
9 rf 
FA c 
as 0.01 
0.001 
Ve, FORWARD VOLTAGE (V) Vr, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
Tc = +100°C 
wn ” 
Ww Lu 
= = 
~ = 
a > “”) 
ui ti - Wl 
> > Q 
O° re) 7) 
Oo O gq O 
Lu Lu Ta 
é : er 
- = 
al (3 
2Z 
7p) 
i, FORWARD CURRENT (A) l-, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD FIGURE 6. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT CURRENT 
Tc = +175°C _~ 
< 6 
et | NAL | 
ea 5 & 
-~ a 
: ee NG ee 
ul a 4 + 
= < 
ANE 
> re 3 
or fe) 
: et | | | Qy 
S < 2 \ 
= a 
—- => 
— 4 
< 
4 0 
150 155 160 165 170 175 
Ir, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL trp, tg AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


CURRENT 
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RURD610, RURD615, RURD620, RURD610S, RURD615S, RURD620S 


IMAX =1A 
L =40mH 
R <0.19 
Eavi = 1/2LP [VayiVave - Yoo) 
Q, AND Q, ARE 1000V MOSFETs 
. R 
Q; + C 
Vop 
1300 
F i ] DUT 
Q2 
12V 
4—- CURRENT 
1302 t- SENSE 
Vpp 
| -¢ 
12V 
FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT FIGURE 10. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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on) HARRIS RURD640, RURD650, RURD660, 
Semiconovcto® RURD640S, RURD650S, RURD660S 


April 1995 6A, 400V - 600V Ultrafast Diodes 
Features Package 
¢ Ultrafast with Soft Recovery..............ceeeeee08 <55ns JEDEC STYLE TO-251 
e Operating Temperature ............-. ee eececcees +175°C ANODE 


« Reverse Voltage Up To 2. .seccusecscsoeneewnensans 600V CATHODE 
e Avalanche Energy Rated 


¢ Planar Construction 


Applications SS 
PP ee, > 


¢ Switching Power Supplies (FLANGE) 
¢ Power Switching Circuits 
¢ General Purpose 


oe JEDEC STYLE TO-252 
Description 
RURD640, RURD650, RURD660, RURD640S, RURD650S and 
RURD660S (TA49038) are ultrafast diodes with soft recovery char- CATHODE 
acteristics (tap < 55ns). They have low forward voltage drop and are D (FLANGE) 
silicon nitride passivated ion-implanted epitaxial planar construction. Sf 
CATHODE We 
These devices are intended for use as freewheeling/clamping LIF 7) 
di nein ese ; ANODE lu 
iodes and rectifiers in a variety of switching power supplies and QD 
other power switching applications. Their low stored charge and <x O 
ultrafast soft recovery minimize ringing and electrical noise in = O 
many power switching circuits reducing power loss in the switching = ms 
transistors. a O 
Symbol 19 
PACKAGING AVAILABILITY “ rT) 
PART NUMBER | PACKAGE BRAND 
RURD640 TO-251 RUR640 
RURD650 TO-251 RUR650 
RURD660 TO-251 RUR660 
RURD640S TO-252 RUR640 A 
RURD650S TO-252 RUR650 
RURD660S TO-252 RUR660 
NOTE: When ordering, use the entire part number. Add the suffix 9A to obtain 
the TO-252 variant in the tape and reel, i.e., RURD6G40S9A. 
Absolute Maximum Ratings = T, = +25°C, Unless Otherwise Specified 
RURD640 RURD650 RURD660 
RURD640S RURD650S RURD660S UNITS 
Peak Repetitive Reverse Voltage.................. Varo 400 500 600 V 
Working Peak Reverse Voltage ...............04- VRwM 400 500 600 V 
DC Blocking Voltage........... ccc cece cece e eee eees Vr 400 500 600 V 
Average Rectified Forward Current ................ lF(av) 6 6 6 A 
(To = +155°C) 
Repetitive Peak Surge Current.................008- lesm 12 12 12 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.................. lESmM 60 60 60 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ..............0. 00 e eee Pp 50 50 50 WwW 
Avalanche Energy (See Figures 10 and 11).......... Eavi 10 10 10 mj 
Operating and Storage Temperature ............ Tstq@ Ty -65 to +175 -65 to +175 -65 to +175 *C 
Copyright © Harris Corporation 1995 File Number 3750.1 
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Specifications RURD640, RURD650, RURD660, RURD640S, RURD650S, RURD660S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


ena. | resroowmen [ar [ [mf wi Fe wa a 


[ete f-t-~et-|;-[e] 
[emt {| -|a{-],-| 
see fF 


Varomtorare [| | 
Vaz Taxa | 
Vinson Teno | 
Vins ov To eR | 
feat oa=woms [| | ® 
[p= oa oa BOmS | 
=asonie | 
atone | 
= 


95 


= 
5 


oO 


I; = 6A, di-/dt = 200A/us 
I: = 6A, di-/dt = 200A/us 
Vp = 10V, Ip = 0A 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
t, = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of |pyy based on a straight line from peak Ixy through 25% of Ipaq (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction capacitance. 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = Pulse width. 
D = Duty cycle. 


= 6A, dl-/dt = 200A/us 


az 
<e 
= 
23 
=z 
_ 
eS 
pe 
a0 
= 


a 
ao 
—— 
ma 
i 
a 
Le 
ce 
—— 


3 


V, AMPLITUDE CONTROLS I 
V2 AMPLITUDE CONTROLS di-/dt 


L, = SELF INDUCTANCE OF +V3 
R4 + Lioop R, t 2 Sta(MAX) 
th>trr 
ts >0 
+V; be} < ‘A(MIN) 
10 
; Rg 
1 ' ii 
| 2s 
wes! ly 
| t; | I | 
. 4 
14 | 
1st 
= ty 
0 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tazp WAVEFORMS AND DEFINITIONS 
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RURD640, RURD650, RURD660, RURD640S, RURD650S, RURD660S 


Typical Performance Curves 


< q 
ro E 
i z 
ra wi 
ra c 
= oc 
: : 
i w 
<q 2) 
3 i 
© > 
: é 
a ig 
Ve, FORWARD VOLTAGE (V) Vr, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
Tc = +25°C, dip/dt = 200A/is a Tc = +100°C, di-/dt = 200A/is 
a @ 
s £ 
” n 
: ‘ 
= = “”) 
% : Eo 
Ww wi n 2 
> > aq O 
oO oO Th 
e) O OQ 
i Ww < 
cc oc oc Ww 
= < e — 
— O 
>z 
“” 
ie, FORWARD CURRENT (A) Ir, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD FIGURE 6. TYPICAL tpr, ta AND ts CURVES vs FORWARD 
CURRENT AT +25°C CURRENT AT +100°C 
Tg = +175°C, dip/dt = 200A/us 
< 
b 
i 
a a 
& =| 
wo 0 
: : 
= < 
> > 
va 
oF fe) 
~ iL 
Oo uy 
“ y 
. 
z 
zr 
le, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL tpr, ta AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT AT +175°C 
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RURD640, RURD650, RURD660, RURD640S, RURD650S, RURD660S 


Typical Performance Curves (Continued) 


Cj, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Imax = 1A 

L = 40mH 

R<0.1Q 

Eave = 1/2L)? (Vavi/(Vavi - Vo)! 
Q, AND Q, ARE 1000V MOSFETs 


Q, R 4.4 
Vop 
1300 
x Ady 7 
Q2 
12V 
q- CURRENT 
1300 “- SENSE 
Vop 
“i 
12V to ty to t —> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
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om -_ RURD6120, 
MARRS RURD6120S 


April 1995 6A, 1200V Ultrafast Diodes 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE TO-251 
e Operating Temperature 


Reverse Voltage 


Avalanche Energy Rated CATHODE 


Planar Construction (FLANGE) 


Applications 
¢ Switching Power Supplies JEDEC STYLE TO-252 


e Power Switching Circuits a 
¢ General Purpose CATHODE & S 7 ~ (FLANGE) 
ANODE © 


Description 


The RURD6120 and RURD6120S (TA49039) are ultrafast 
diodes with soft recovery characteristics (tap < 70ns). They 
have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- Sy mbol 
ing diodes and rectifiers in a variety of switching power sup- 

plies and other power switching applications. Their low 

stored charge and ultrafast soft recovery minimize ringing 

and electrical noise in many power switching circuits reduc- 

ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 


ULTRAFAST 
SINGLE DIODES 


RURD6120 TO-251 UR6120 
RURD6120S TO-252 UR6120 


NOTE: When ordering, use the entire part number. Add the suffix 9A to 
obtain the TO-252 variant in the tape and reel, i.e., RURD6120S9A. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RURD6120 
RURD6120S 


Peak Repetitive Reverse Voltage 1200 

Working Peak Reverse Voltage 1200 

DC Blocking Voltage 1200 

Average Rectified Forward Current 6 
(To = 140°C) 

Repetitive Peak Surge Current 12 
(Square Wave, 200kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (See Figures 10 and 11) 
Operating and Storage Temperature ; -65 to +175 


Copyright © Harris Corporation 1995 File Number 3962.1 
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Specifications RURD6120, RURD6120S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Ic = 6A, dig/dt = 200A/us 


I: = 6A, di-/dt = 200A/us 


Reuc 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ipny through 25% of Ixy (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/at 
L, = SELF INDUCTANCE OF 


R4+Lioop Ry 


ty 2 Starmax) 


t2>trr 
tz >0 
L t 
“—— oS 
4 
O ual 1! im 
) @itp he 
a 
a 
ae. 
it! 
| jim ty 
1 ql 
0 oot 


ss oleate 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap TEST CIRCUIT 
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RURD6120, RURD6120S 


Typical Performance Curves 


E Z 
5 = 
a S 
cc TT 
: : 
re) 5 
: ; 
: : 
vel Ww 
e) rf 
: va 
ub « 
Ve, FORWARD VOLTAGE (V) Vr, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
90 To = +25°C, dip/dt = 200A/us Tc = +100°C, dip/dt = 200A/us 
wo ” 
= F: rm) 
- a = ral 
> 
& fF 20 
: : <0 
oO rs) = § 
Ww Ww oc Ww 
ed ie  — 
= a a O 
5z 
'¢) 
ip, FORWARD CURRENT (A) lr, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD FIGURE 6. TYPICAL tap, t, AND ts CURVES vs FORWARD 
CURRENT AT +25°C CURRENT AT +100°C 


t, RECOVERY TIMES (ns) 
I(av), AVERAGE FORWARD CURRENT (A) 


lz, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL trap, ta AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE 
CURRENT AT +175°C 


RURD6120, RURD6120S 


Typical Performance Curves (continued) 


Cy, JUNCTION CAPACITANCE (pF) 


Vp, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IMAX =1A 
L=40mH 
R <0.1Q 
Eavi = 12LP [(VaviVavi - Vpp)] 
Q, AND Q, ARE 1000V MOSFETs 4 
Q R + 
1 
Vop 
: 1300 
F | DUT 
iw «| 
aq- CURRENT 
130Q “—— SENSE 
Vop 
| -6 
12V 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
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RURG3010, RURG3015, 
ao HYMNS RURG3020 


April 1995 30A, 100V - 200V Ultrafast Diodes 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE 2 LEAD TO-247 


e Operating Temperature 
CATHODE 


e Reverse Voltage Up To CATHODE 


(BOTTOM SIDE _ 


e Avalanche Energy Rated METAL) 


e Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURG3010, RURG3015 and RURG3020 are ultrafast diodes 
with soft recovery characteristics (tar < 45ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes 
ringing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURG3010 TO-247 RURG3010 


ULTRAFAST 
SINGLE DIODES 


RURG3015 TO-247 RURG3015 
RURG3020 TO-247 RURG3020 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RURG3010 RURG3015 RURG3020 UNITS 

Peak Repetitive Reverse Voltage 100 150 200 V 
Working Peak Reverse Voltage 100 150 200 
DC Blocking Voltage 100 150 200 
Average Rectified Forward Current 30 30 30 

(To = +145°C) 
Repetitive Peak Surge Current 70 70 70 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 325 325 325 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 125 125 125 
Avalanche Energy (L = 40mH) 20 20 20 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3277.2 
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Specifications RURG3010, RURG3015, RURG3020 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


RURG3010 
SYMBOL 


RURG3020 


= 
< 
me) 


TEST CONDITION 


le = 30A, To = +25°C 
le = 30A, To = +150°C 


Vr = 100V, Tce = +25°C 


Vp = 150V, To = +25°C 


Vp = 200V, To = +25°C 


Vr = 100V, To = +150°C 
Vp = 150V, To = +150°C 
Vp = 200V, To = +150°C 


Ip = 1A, die/dt = 100A/ys 
lp = 30A, dip/dt = 100A/us 


le = 30A, dip/dt= 100A/ps 


—* 


2 
m U 


—_ 


I- = 30A, di-/dt = 100A/is 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300s, D = 2%). 
ln = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of t, + tg. 


2 


on 


ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipyy based on a straight line from peak Ipyy through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy. (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
V, AMPLITUDE CONTROLS I; 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 


Ra + Lioop ty > Staamaxy 
+V; ta(MIN) 
0 i] 1 tt 
| itp r= 
ee ee 


Va --- > 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


5-46 


RURG3010, RURG3015, RURG3020 


Typical Performance Curves 
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FORWARD CURRENT (I-) - AMPS 
REVERSE CURRENT (Ip) - uAMPS 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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SEMICONDUCTOR 


April 1995 


Features 

e Ultrafast with Soft Recovery 
¢ Operating Temperature 

¢ Reverse Voltage Up To 

e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURG3040, RURG3050 and RURG3060 are ultrafast diodes 
with soft recovery characteristics (tap < 55ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes 
ringing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number 


Harris RURG3040, RURG3050, 


RURG3O60 


30A, 400V - 600V Ultrafast Diodes 


Package 
JEDEC STYLE 2 LEAD TO-247 
CATHODE 


(BOTTOM 
SIDE METAL) 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RURG3040 
400 
400 
400 

30 30 30 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(Tc = +145°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (L = 40mH) 

Operating and Storage Temperature 
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-65 to +175 


RURG3050 
500 
500 
500 


RURG3060 
600 
600 
600 


UNITS 


70 70 70 


325 325 325 


125 125 125 


20 20 20 
-65 to +175 -65 to +175 


File Number 3212.1 


Specifications RURG3040, RURG3050, RURG3060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL 


LIMITS 


RURG3040 RURG3050 RURG3060 


Cc 
” 


Uv 


TEST CONDITION TYP 


Mule ae 
aie 
on Ree 

Va = 400V, Tg = +150°C Le | 
Va = 500V, To = +150°C Lp = A 
—e 
a ae 


i ik i 
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=" 
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oil 
Ga 


Vr = 600V, To = +1 50°C 


I; = 1A, di-/dt = 100A/us 


I; = 30A, dl-/dt = 100A/us 


I; = 30A, dip/dt= 100A/us 30 
I; = 30A, di-/dt = 100A/us 20 


DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipx, based on a straight line from peak Ipy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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L, = SELF INDUCTANCE OF Ry, 1 ty 7 . 
+ LLoop t,>0 


+; iy. tain) 
R 10 

6 4 

1 1 tt 

| kre 

<4 || 

reogou 

| 1 oat 

1 oat 

| 3H |—~e- ts 

out 

6 ' ii 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tarp WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
SINGLE DIODES 


RURG3040, RURG3050, RURG3060 


Typical Performance Curves 


10 


FORWARO CURRENT (I) - AMPS 
REVERSE CURRENT (I) - uAMPS 
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FORWARD VOLTAGE (Ve) - VOLTS REVERSE VOLTAGE (Ve) - VOLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 


TIME (t) - ns 


AVERAGE FORWARD CURRENT - (Ip (AV)) - AMPS 


10 
FORWARD CURRENT (If) - AMPS 
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100 110 120 130 140 150 \p0 170 180 
CASE TEMPERATURE - (Tc) - C 


FIGURE 5. TYPICAL tap, t, AND ts CURVES vs FORWARD 
CURRENT " ° FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


Imax = 1A 

L = 40mH 

R<0.1Q 

Eave = 1/2LI7[Vavi(Vave -Vpp)] 

Qi AND Q2 ARE 1000V MOSFETs 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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m HARRIS RURG3070, RURG3080, 
vemieesee"*  BURG3090, RURG30100 


April 1995 30A, 700V - 1000V Ultrafast Diodes 


Features Package 

¢ Ultrafast with Soft Recovery JEDEC STYLE 2 LEAD TO-247 
Operating Temperature 
Reverse Voltage Up To paki 
Avalanche Energy Rated 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURG3070, RURG3080, RURG3090 and RURG30100 (TA9904) 
are ultrafast diodes with soft recovery characteristics (tar < 110ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURG3070 TO-247 RURG3070 
RURG3080 TO-247 RURG3080 


ULTRAFAST 
SINGLE DIODES 


RURG3090 TO-247 RURG3090 
RURG30100 RURG30100 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURG3070 RURG3080 RURG3090 RURG30100 UNITS 


Peak Repetitive Reverse Voltage 700 800 900 1000 

Working Peak Reverse Voltage 700 800 900 1000 

DC Blocking Voltage 700 800 900 1000 

Average Rectified Forward Current 30 30 30 30 
(To = +117°C) 

Repetitive Peak Surge Current 60 60 60 60 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 300 300 300 300 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 125 125 125 125 

Avalanche Energy 30 30 30 30 

Operating and Storage Temperature -65to+175 -65to+175 -65to+175 -65to+175 
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Specifications RURG3070, RURG3080, RURG3090, RURG30100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL 


LIMITS 


RURG3070 RURG3080 RURG3090 RURG30100 


TEST CONDITION 


le = 30A, To = +25°C 
Ir = 30A, To = +150°C 
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I- = 1A, di-/dt = 100A/ps 
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I = 30A, di-/dt = 100A/us 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
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lk = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of ta + tp. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy, based on a straight line from peak Ipy through 25% of Ipny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS If +V3 


V2 AMPLITUDE CONTROLS di,-/dt a te>5t 
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. LLoop ty > o 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG3070, RURG3080, RURG3090, RURG30100 


Typical Performance Curves 
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FORWARD VOLTABE (Ve) - VOLTS 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FORWARD CURRENT (I) - AMPS 


FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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SINGLE DIODES 
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CASE TEMPERATURE - (Tc) - °C 


FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
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L = 40mH 
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Eave = 1/2LI[Vavi(Vavi -Vpp)] 
Q1 AND Q2 ARE 1000V MOSFETs 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


Gg FARRIS 


SEMICONDUCTOR 


April 1995 


Features 

¢ Ultrafast with Soft Recovery 
Operating Temperature 

e Reverse Voltage 

e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RURG30120 (49031) is an ultrafast diode with soft recovery 
characteristic (tap < 110ns). It has low forward voltage drop and is 
silicon nitride passivated ion-implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping diode 
and rectifier in a variety of switching power supplies and other 
power switching applications. Its low stored charge and ultrafast 
recovery with soft recovery characteristic minimize ringing and 
electrical noise in many power switching circuits, reducing power 
loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 


RURG30120 TO-247 RURG30120 


NOTE: When ordering, use the entire part number. 


RURG30120 


30A, 1200V Ultrafast Diode 


Package 
JEDEC STYLE 2 LEAD TO-247 


CATHODE 
(BOTTOM SIDE 
METAL) 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +110°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (L = 40mH) 

Operating and Storage Temperature 
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RURG30120 
1200 
1200 
1200 

30 


60 
300 
125 


30 
-65 to +175 


File Number 


UNITS 
V 


V 
V 
A 


3399.2 


Specifications RURG30120 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


eine esa 
Se 2 
| __ ge 
I; = 30A, dip/dt= 100A/us 

i ato 
ae 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 


lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of I_xy based on a straight line from peak Ima through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 


Eay_ = Controlled avalanche energy. (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
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SINGLE DIODES 
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FIGURE 1. tag TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG30120 


Typical Performance Curves 
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HarRRis RURG5040, RURG5050, 
smteompueton RURG5060 


April 1995 50A, 400V - 600V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery.............0..eeeee- <65ns JEDEC STYLE 2 LEAD TO-247 
¢ Operating Temperature ..............2.ceceeeeee +175°C ANODE 
CATHODE 
e Reverse Voltage Up To .........cccccccccencscnces 600V sda CATHODE 
¢ Avalanche Energy Rated aia ait 
e Planar Construction 
Applications 
e Switching Power Supplies 
e Power Switching Circuits 
e General Purpose SY: mbol 
Description K 
RURG5040, RURG5050 and RURGS5060 (TA9909) are ultrafast 
diodes with soft recovery characteristics (tay < 65ns). They have low 
forward voltage drop and are silicon nitride passivated ion-implanted ” 
epitaxial planar construction. - = 
”) 
These devices are intended for use as freewheeling/clamping diodes A < Oo 
and rectifiers in a variety of switching power supplies and other power <x - 
switching applications. Their low stored charge and ultrafast recovery sa I 
with soft recovery characteristic minimizes ringing and electrical noise 5 = 
in many power switching circuits reducing power loss in the switching D 
transistors. 
PACKAGING AVAILABILITY 
PARTNUMBER | PACKAGE _ BRAND 

RURG5040 RURG5040 

RURG5050 TO-247 RURG5050 

RURG5060 TO-247 RURG5060 
NOTE: When ordering, use the entire part number. 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 

RURG5040 RURG5050 RURG5060 UNITS 

Peak Repetitive Reverse Voltage... ...... 2... cee ees Vero 400 500 600 V 
Working Peak Reverse Voltage ............. 0. eee eee eee eee Vawea 400 500 600 V 
Ss RO) VONAGE sie ce csetia ean dwee ORC RE SSG os odes Gee meses Vr 400 500 600 V 
Average Rectified Forward Current ............... 000 eee ee eee lF(av) 50 50 50 A 

(To = +102°C) 
Repetitive Peak Surge Current......... 0.0... cee eee eee eee lESM 100 100 100 A 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current................ 00. e eee lEsm 500 500 500 A 

(Halfwave, 1 Phase, 60Hz) 
Maxi POWEr DISSIPRUON 44a scene cess cocks Se ern ade owen eyes Pp 150 150 150 W 
PURE SIO gaxcecctned dd decode csv ee eenndetmse nent ee Eavi 40 40 40 mj 
Operating and Storage Temperature .................000005 Tsta, Ty -65 to +175 -65 to +175 -65 to +175 a 
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Specifications RURG5040, RURG5050, RURG5060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


RURG5040 RURG5050 RURGS5060 


SYMBOL TEST CONDITION 


Vp = 400V, Te = +25°C 
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Vp = 600V, Tg = +25°C 


Vp = 400V, To = 150°C 
Vp = 500V, Te = 150°C 
Vp = 600V, To = 150°C 


—s 


nil, ™ : 


Iz = 1A, dig/dt = 100A/is 
I = 50A, die/dt = 100A/us 


I; = 50A, dif/dt= 100A/us 


Ic = 50A, dl-/dt = 100A/us 
ee 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lpn = Instantaneous reverse current. 
trp = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG5040, RURG5050, RURG5060 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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SINGLE DIODES 


FARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 

e Ultrafast with Soft Recovery 
¢ Operating Temperature 

e Reverse Voltage Up To 

e Avalanche Energy Rated 


e Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RURG5070, RURG5080, 
RURG5090, RURG50100 


50A, 700V - 1000V Ultrafast Diodes 


Package 
JEDEC STYLE 2 LEAD TO-247 


ANODE 


CATHODE CATHODE 
(BOTTOM 
SIDE METAL) 


RURG5070, RURG5080, RURG5090 and RURG50100 are 
ultrafast diodes with soft recovery characteristics (tap < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes 
ringing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +85°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy 

Operating and Storage Temperature 
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RURGS070 RURGSO80 RURGS5090 RURGS50100 UNITS 
700 800 900 1000 V 
700 800 900 1000 V 
700 800 900 1000 V 

50 50 50 50 A 


100 100 100 100 
500 500 500 500 
150 150 150 150 


40 40 40 40 
-65 to +175 -65 to +175 -65 to +175 -65 to +175 


File Number 3276.2 
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Specifications RURG5070, RURG5080, RURG5090, RURG50100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
RURG5070 RURG5080 RURGS5090 
SYMBOL TEST CONDITION TYP 
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Ip = 50A, dip/dt= 100A/us 


I: = 50A, die/dt = 100A/us 


DEFINITIONS 
= Instantaneous forward voltage (pw = 300us, D = 2%). 
i Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of IR (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
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D = duty cycle. 
V, AMPLITUDE CONTROLS I +V3 
V, AMPLITUDE CONTROLS di,/dt — 
L, = SELF INDUCTANCE OF Ry, 1 te : — 
+ LLoop t,>0 
+Vy Ly _ tacmin) 
| | R, +10 
0 
' ! tt 
| Sine 
a4 I 
peoouou 
1 out 
1 ou 
l oH |< ty 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
SINGLE DIODES 


RURG5070, RURG5080, RURG5090, RURG50100 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tpr, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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Ga HARRIS 


SEMICONDUCTOR 


April 1995 


Features 

e Ultrafast with Soft Recovery 
Operating Temperature 
Reverse Voltage 
Avalanche Energy Rated 


Planar Construction 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


The RURG50120 (TA49099) are ultrafast diodes with soft 
recovery characteristics (tan < 125ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and ultrafast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RURGS50120 TO-247 RURGS50120 


NOTE: When ordering, use the entire part number. 


RURGS50120 


50A, 1200V Ultrafast Diode 


Package 
JEDEC STYLE 2 LEAD TO-247 


CATHODE CATHODE 


(BOTTOM SIDE 
METAL) 


ULTRAFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +85°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (L = 40mH) 

Operating and Storage Temperature 
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RURGS50120 UNITS 
1200 
1200 
1200 


-65 to +175 


File Number 3740.1 
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Specifications RURG50120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
SYMBOL 
V 


TEST CONDITION 
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aaa 
[pemaraenome 
== 
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[ee a 


I; = 50A, dif/dt = 100A/us 


I; = 50A, di-/dt = 100A/us 


Vr = 10V, l-= 0A 


DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy, to projected zero crossing of Ipxy based on a straight line from peak Ipy through 25% of Ip (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di,-/at 
L, = SELF INDUCTANCE OF 
Rq + Lioop Ry 


ty 2 Stacmax) 
t)>trr 
ts > 0 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURG50120 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT 25°C 


To = +175°C 
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FIGURE 7. TYPICAL trap, tg AND tg CURVES vs FORWARD 
CURRENT AT 175°C 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C 


t, RECOVERY TIMES (ns) 


Ip, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tgp, t, AND tg CURVES vs FORWARD 
CURRENT AT 100°C 
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FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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SINGLE DIODES 


RURG50120 


Typical Performance Curves (continued) 


C;, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


L=40mH 
R<0.10 
Eavi = 1/2LP [VaviVave - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 
Q L Reg 
1 
Vop 
1300 
F - 1 DUT 
Q2 
12V 
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Vop 
sian 
12V 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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GD 


April 1995 


Features Package 

e Ultrafast with Soft Recovery 

e Operating Temperature 

e Reverse Voltage CATHODE 
e Avalanche Energy Rated Ps en 


e Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RURG75120 (TA49032) is an ultrafast diode with soft 
recovery characteristics (tap < 125ns). It has low forward 
voltage drop and is silicon nitride passivated ion-implanted 
epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored 
charge and ultrafast recovery with soft recovery characteris- 
tic minimize ringing and electrical noise in many power 
switching circuits reducing power loss in the switching tran- 
sistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RURG75120 TO-247 RURG75120 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +54.75°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (L = 40mH) 

Operating and Storage Temperature 


Copyright © Harris Corporation 1995 
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Port RURG75120 


75A, 1200V Ultrafast Diode 


JEDEC STYLE 2 LEAD TO-247 


ANODE 


CATHODE 


ULTRAFAST 
SINGLE DIODES 


RURG75120 UNITS 
1200 V 
1200 V 
1200 V 

75 A 


150 
500 
190 


50 
-65 to +175 


File Number 3412.2 


Specifications RURG75120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST CONDITION 


I; = 75A, di-/dt = 100A/us 


I: = 75A, dip/dt = 100A/us 
I; = 75A, dig/dt = 100A/us 
DEFINITIONS 


Vf = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of |py, based on a straight line from peak Imray through 25% of Ip (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS I 
V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
R4 + Lioop R, ty > Staquax) 
> tar 
ts >0 
+Vy — ty. taminy 
0 i] 1 tt 
| 2itp r= 
eae} 
| ty I | | 
! | 
: | | 
i! 
| ji ty 
I roa 
0 1 oa 


Vea <= = = 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG75120 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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FARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 

e Ultrafast with Soft Recovery 
e Operating Temperature 

e Reverse Voltage Up To 


e Avalanche Energy Rated 


RURG8040, RURG8050, 
RURG8&060 


80A, 400V - 600V Ultrafast Diodes 


Package 
JEDEC STYLE 2 LEAD TO-247 


CATHODE 
(BOTTOM 
SIDE METAL) 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


RURG8040, RURG8050 and RURG8060 (TA9886) are ultrafast 
diodes with soft recovery characteristics (tap < 75ns). They have 
low forward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimize ringing 
and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T< = +25°C, Unless Otherwise Specified 


RURG8040 
400 
400 
400 
80 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +72°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (L = 40mH) 

Operating and Storage Temperature 
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160 


800 


180 
50 


-65 to +175 


RURG8050 


500 

500 

500 
80 


160 


800 


180 
50 


-65 to +175 


RURG8060 UNITS 
600 V 
600 
600 

80 


160 
800 
180 


50 
-65 to +175 


File Number 3388.2 


Specifications RURG8040, RURG8050, RURG8060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Ip = 80A, Tg = +25°C 
Ir = 80A, To = +150°C 
Vp = 400V, To = +25°C 


LIMITS 


RURG8050 RURG8060 


RURG8040 


y 


~< 
mo | 


oe oe 
>i OD 


ao 
oO 
oO 


R = = 
Vp = 500V, To = +25°C 
Vp = 600V, Tg = +25°C 
R = 


Vp = 400V, To = +150°C 
Vp = 500V, To = +150°C 
Vp = 600V, To = +150°C 


I: = 1A, die/dt = 100A/us 
I: = 80A, die/dt = 100A/us 


lc = 80A, dip/dt= 100A/us 


I; = 80A, dif/dt = 100A/us 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300pus, D = 2%). 
lp = Instantaneous reverse current. 
tap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tz = Time from peak Ixy to projected zero crossing of Ip; based on a straight line from peak Ipyy through 25% of Inn (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, +V3 


V2 AMPLITUDE CONTROLS di,/dt R te>5t 
L, = SELF INDUCTANCE OF Ry, 1 . <= Y"A(MAX) 
2>trrR 
+Lioop ut 
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+Vy < ‘A(MIN) 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
SINGLE DIODES 


RURG8040, RURG8050, RURG8060 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs. FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tar, t, AND tg CURVES vs. FORWARD 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs. VOLTAGE 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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HARRIS RURG&8070, RURG8080, 
emrconover’*® RURG8090, RURG8&0100 


April 1995 80A, 700V - 1000V Ultrafast Diodes 
Features Package 
¢ Ultrafast with Soft Recovery................ee00: <125ns JEDEC STYLE 2 LEAD TO-247 
¢ Operating Temperature .................eceeeeee +175°C ANODE 
e Reverse Voltage Up To .......... cece cncccccccees 1000V CATHODE CATHODE 


(BOTTOM 
¢ Avalanche Energy Rated SIDE METAL) 


e Planar Construction 


Applications 

¢ Switching Power Supplies 

¢ Power Switching Circuits 

¢ General Purpose Symbol 


Description 


RURG8070, RURG8080, RURG8090 and RURG80100 are ultrafast 
diodes with soft recovery characteristics (tap < 125ns). They have low 
forward voltage drop and are silicon nitride passivated ion-implanted 
epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping diodes ‘a 
and rectifiers in a variety of switching power supplies and other power 

switching applications. Their low stored charge and ultrafast recovery 

with soft recovery characteristic minimizes ringing and electrical noise 

in many power switching circuits reducing power loss in the switching 

transistors. 


ULTRAFAST 
SINGLE DIODES 


PACKAGING AVAILABILITY 


[PART NUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURG8070 RURGS8080 RURG8090 RURG80100 UNITS 


Peak Repetitive Reverse Voltage...................005- VRRM 700 800 900 1000 V 

Working Peak Reverse Voltage ....................0040- VrRwem 700 800 900 1000 V 

De BIGGIN) VONBOG bo 0¥ sce +e ceies Ok ea ePS Sse aKeee see as Vr 700 800 900 1000 V 

Average Rectified Forward Current .................000- lF(Av) 80 80 80 80 A 
(To = +53°C) 

Repetitive Peak Surge Current................-.2.00005- lESm 160 160 160 160 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current..................-004. lesm 500 500 500 500 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation ................ 0000. e eee eee Pp 180 180 180 180 W 

Avalanche Energy (L.= 40MH) .. 5... cececesescexcnueses Eavi 50 50 50 50 mj 

Operating and Storage Temperature .................. Tstg, Ty -65to+175 -65to+175 -65to+175 -65to+175 a & 

Copyright © Harris Corporation 1995 File Number 3371.2 
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Specifications RURG8070, RURG8080, RURG8090, RURG&0100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
SYMBOL| TEST CONDITION ceteeeety “SS acte et ee UNITS 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tp. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy, based on a straight line from peak Ip through 25% of Ipny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG8070, RURG8080, RURG8&090, RURG8&0100 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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HARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 

¢ Ultrafast with Soft Recovery 
Operating Temperature 
Reverse Voltage 
Avalanche Energy Rated 


Planar Construction s 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RURP8120 (TA49095) are ultrafast diodes with soft 
recovery characteristics (tga < 100ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and ultrafast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RURP8120 TO-220AC RURP8120 


NOTE: When ordering, use the entire part number. 


RURP8120 


8A, 1200V Ultrafast Diode 


Package 
JEDEC TO-220AC 


ANODE 
CATHODE 


CATHODE 
(FLANGE) 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +144°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (See Figure 10 and Figure 11) 
Operating and Storage Temperature 


Copyright © Harris Corporation 1995 
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-65 to +175 


File Number 3661.2 
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Specifications RURP8120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


VF 
Ip = 8A, To = +150°C 


Vp = 1200V, To = +25°C 


Vp = 1200V, To = +150°C 


Il; = 1A, di-/dt = 100A/pus 


I; = 8A, di-/dt = 100A/us 


Ic = 8A, die/dt = 100A/us 


Rec 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ini based on a straight line from peak Ipy through 25% of Ipyy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Easy. = Controlled avalanche energy. (See Figures 10 and 11). 
Qrr = Reverse Recovery Charge. 
C, = Junction Capacitance. 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS I; 
V2 AMPLITUDE CONTROLS di,-/dt 
L, = SELF INDUCTANCE OF 

Ra + LLoop 


ty 2 Sta(max) 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURP8120 


Typical Performance Curves 


40 
< rf 
z 10 2 
. ra 
& ra 
3} 3} 
fe) Ww 
E 
>= Ww 
& iu 
"4 
* 4 r 
0.5 
0 200 400 600 800 1000 1200 
V-, FORWARD VOLTAGE (V) Va, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
To = +100°C 
g 2 
2 eg 
= = 
rs _ 
3 5 
Oo © 
ul ui 
c c 
I, FORWARD CURRENT (A) Ir, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tgp, ta AND tg CURVES vs FORWARD . FIGURE 6. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C CURRENT AT +100°C 
To = +175°C 
3 
E 
rs 
e i 
oD 3 
= 2 
F < 
> = 
c c 
we fe) 
> ie 
° w 
a © 
uu 
« & 
- > 
‘ 
= 
i's 
™~ 100 115 130 145 160 175 
Ir, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL trp, ta AND ts CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


CURRENT AT +175°C 


5-78 


RURP8120 


Typical Performance Curves (Continued) 


Cy, JUNCTION CAPACITANCE (pF) 
FS) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


L = 40mH 
R<0.12 
Eave = 1/2LF [(Vavi/(Vavi - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs : 
R 
Q; +@d 
Vpp 
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+ a3 
a, < 
12V oc Ww 
JL - onl 
ad 
—_ 
4— CURRENT D 
1302 td SENSE 
Vpp 
sin 
t2¥ ih t; to t—> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 


FORMS 
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m HARRIS RURP1570, RURP1580, 
semeowev'ro®  PURP1590, RURP15100 


April 1995 15A, 700V - 1000V Ultrafast Diodes 


Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 
(tar < 100ns) ANODE 
¢ +175°C Rated Junction Temperature CATHODE 


e Reverse Voltage Up to 1000V CATHODE 


FLANGE 
e Avalanche Energy Rated ( 


Applications 


e Switching Power Supply 
¢ Power Switching Circuits 


e General Purpose 


Description 


RURP1570, RURP1580, RURP1590, RURP15100 are 
ultrafast diodes with soft recovery’ characteristics 
(tan < 100ns). They have a low forward voltage drop and 
are silicon nitride passivated, ion-implanted, epitaxial con- 
struction. 


These devices are intended for use as freewheel/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteris- 
tics minimizes ringing and electrical noise in many power 
switching circuits thus reducing power loss in the switching 
transistor. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 

RURP1570 RURP1580 RURP1590 RURP15100 
Peak Repetitive Reverse Voltage 700V 800V 900V 1000V 
Working Peak Reverse Voltage 700V 800V 900V 1000V 
DC Blocking Voltage 700V 800V 900V 1000V 


Average Rectified Forward Current (AV) 15A 15A 15A 15A 
(Total Device Forward Current At Rated Vp And To = +150°C) 


Peak Forward Repetitive Current 30A 30A 30A 30A 
(Rated Vp, Square Wave 20kHz) 


Nonrepetitive Peak Surge Current 200A 200A 200A 200A 
(Surge Applied At Rated Load Condition Halfwave 1 Phase 60Hz) 


Maximum Power Dissipation 100W 100W 100W 100W 
Operating and Storage Temperature Tstq, Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 


Copyright © Harris Corporation 1995 File Number 2878.2 
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Specifications RURP1570, RURP1580, RURP1590, RURP15100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


LIMITS 
TEST RURP1570 RURP1580 RURP1590 RURP15100 
SYMBOL | CONDITION | MAX | | MAX | MAX | NITS 


—s 
on 
ro) 
bh 
on 
ro) 
—_ 
on 
ro) 


= 
ro) 
oO 


Ve lp = 15A 
To = +150°C 
Ip = 15A 
To = +25°C 


Vp = 700V 


anil — 
= : 
S S 


= 
~ < 


=" 
uo 


+ 
~ < 


ik =k oxi — —_ 
5 el a) ro) r 
on ot oO ro) 2 


3! < 

me] 
‘ilk — _ —_ 
: Mm] oOo ro) 
on on ao) oO 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
Ip = Instantaneous reverse current. 
tan = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/ys (See Figure 2). 
tg = Time from peak Ipay to projected zero crossing of Ixy based on a straight line from peak Ipxy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay, = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS I, +V3 
V2 AMPLITUDE CONTROLS di,-/dt R —T 
L, = SELF INDUCTANCE OF Ry, 1 b st ‘A(MAX) 
+ Lioop t, . . 
+Vy = ty. twmny 
0 i 1 it ” 
1 ire 
<i il 
rhouon 
1 ott 
bout 
IH 1—< ty 
Ion 
é6 1 it 
wu 
Vrm (REC) - — — — — 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND ts 
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SINGLE DIODES 


RURP1570, RURP1580, RURP1590, RURP15100 


Typical Performance Curves 
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I_peak = 1A, L = 40mH, R < 0.19, Eayi = ("/2) LI7[Vavi/(Vavi - Vpp)] 
Q1 AND Q2 ARE 1000V MOSFETs 
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FARRIS 


SEMICONDUCTOR 


uD 


April 1995 


Features 

¢ Ultrafast with Soft Recovery 
e Operating Temperature 

e Reverse Voltage 

e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RURP15120 (TA49097) are ultrafast diodes with soft 
recovery characteristics (tap < 100ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and ultrafast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 


RURP15120 TO-220AC RUR15120 


NOTE: When ordering, use the entire part number. 


RURP15120 


15A, 1200V Ultrafast Diode 


Package 
JEDEC TO-220AC 


ANODE 
LA CATHODE 
SS 
CATHODE SZ 


(FLANGE) 


Symbol 


ULTRAFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +140°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (See Figures 10 and 11) 
Operating and Storage Temperature 


Copyright © Harris Corporation 1995 


RURP15120 
1200 
1200 
1200 

15 


30 
200 


100 
20 
-65 to +175 


3696.2 


File Number 
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Specifications RURP15120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


Va = 1200V, Tr = +25°C 


Va = 1200V, To = +150°C 


l- = 1A, di-/dt = 100A/us 


Ip = 15A, dif/dt = 100A/us 


Ip = 15A, dig/dt = 100A/us 
Va = 10V, Ip =0A 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of Ipxq based on a straight line from peak Ipy through 25% of Ipny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
Qrr = Reverse recovery charge. 
C, = Junction capacitance. 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/dt 
L, = SELF INDUCTANCE OF +V3 
Ra + Lioop Ry ty > Starmax) 
+V; ta(MIN) 
0 ' ' it 
Site He 
wes! ty 


Vam ---- 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURP15120 


Typical Performance Curves 
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ir, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C 


t, RECOVERY TIMES (ns) 


I-, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL trp, ta AND ts CURVES vs FORWARD 


CURRENT AT +25°C 
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lz, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, tg AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +1 00°C 


t, RECOVERY TIMES (ns) 


l-, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


IF(av) AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


ULTRAFAST 
SINGLE DIODES 


RURP15120 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Va, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IMAX =1A 
L = 40mH 
R <0.12 
Eavi = 1/2LP [Vavi/(Vavi - Yoo) 
Q, AND Q, ARE 1000V MOSFETs 
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1 +0 
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130Q 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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HarRRis RURP3010, RURP3015, 
SEMICONDUCTOR RURP3020 


April 1995 30A, 100V - 200V Ultrafast Diodes 


Features 


e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 
(tar < 45ns) 
ANODE 


¢ +175°C Rated Junction Temperature 
CATHODE 


CATHODE 


e Reverse Voltage Up to 200V (FLANGE) 


e Avalanche Energy Rated 


Applications 


¢ Switching Power Supply 
¢ Power Switching Circuits 


¢ General Purpose 
Description 


RURP3010, RURP3015, RURP3020 are ultrafast diodes 
(tan < 45ns) with soft recovery characteristics. They have a 
low forward voltage drop and are of planar, silicon nitride 
passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURP3010 TO-220AC RURP3010 


ULTRAFAST 
SINGLE DIODES 


RURP3015 TO-220AC RURP3015 
RURP3020 TO-220AC RURP3020 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 

RURP3010 RURP3015 RURP3020 
Peak Repetitive Reverse Voltage 100V 150V 200V 
Working Peak Reverse Voltage 100V 150V 200V 
DC Blocking Voltage 100V 150V 200V 


Average Rectified Forward Current 30A 30A 30A 
(Total Device Forward Current At Rated Vp and To = +150°C) 


Peak Forward Repetitive Current 70A 70A 70A 
(Rated Vp, Square Wave 20kHZ) 


Nonrepetitive Peak Surge Current 325A 325A 325A 
(Surge Applied At Rated Load Condition Halfwave 1 Phase 60Hz) 


Operating and Storage Temperature -55°C to +175°C = -55°C to +175°C 


Copyright © Harris Corporation 1995 File Number 2777.4 
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Specifications RURP3010, RURP3015, RURP3020 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


LIMITS 
TEST RURP3010 RURP3015 RURP3020 
SYMBOL CONDITION TYP 


lp = 30A 
To = +150°C 


oO 


> 
or 
oO 


N 

N 

N 
ine) 


oO 


= 
. 
nN 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
In = Instantaneous reverse current. 
trp = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ipay through 25% of Inj (See Figure 2). 
Reyc = Thermal resistance junction to case. 
Eav. = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di-/dt 
L,; = SELF INDUCTANCE OF 
Ra + Lioop Ry 


ty 2 Starmax 


+Vy tA(MIN) 
| ~10— 
Om it ) 

ta 
=— ' 
’ ty 1 ', 
1 ie ty 
Cums és 

WU 

FIGURE 1. tara TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURP3010, RURP3015, RURP3020 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 
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FIGURE 5. TYPICAL tap, t, AND tg CURVES vs FORWARD 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 
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FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 


I(ave), AVERAGE CURRENT (A) 


ULTRAFAST 
SINGLE DIODES 


CURRENT TEMPERATURE 
IMAX =1A 
L = 40mH 
R<0.10 
Eavi = V2LP [VaviVavi - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 
M R 
Q, + C¢ 
Vpp 
‘ 1300 
F | DUT 
Q 
12V ; 
q- CURRENT 
13002 “—- SENSE 
Vop 


| -¢ 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


ty t -_ 


to 
FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 


I_peak = 1A, L = 40mH, R < 0.19, Ey, = ("/2) LI7[Vayi/(Vavi - Vop)] 
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uarrRic RURP3040, RURP3050, 
SEMICONDUCTOR RURP3060 


April 1995 30A, 400V - 600V Ultrafast Diodes 
Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 


(tar < 55ns) 


e +175°C Rated Junction Temperature CfA CATHODE 


° Volt V CATHODE 
Reverse Voltage Up to 600 maha ; 
¢ Avalanche Energy Rated S45 
|_Sé 2 


Applications 
¢ Switching Power Supply 
¢ Power Switching Circuits 


¢ General Purpose 


Description Symbol 


RURP3010, RURP3015, RURP3020 are ultrafast diodes K 
(tan < 55ns) with soft recovery characteristics. They have a 


low forward voltage drop and are of planar, silicon nitride 
passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 

clamping diodes and rectifiers in a variety of switching power A 
supplies and other power switching applications. Their low 

stored charge and ultrafast recovery with soft recovery char- 

acteristics minimizes ringing and electrical noise in many 

power switching circuits thus reducing power loss in the 

switching transistor. 


PACKAGING AVAILABILITY 


[PARTNUMBER [ PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


RURP3040 RURP3050 RURP3060 
Peak Repetitive Reverse Voltage............. cee eee eee eee ee Vero 400V 500V 600V 
Working Peak Reverse Voltage... 12.2.2... .. cece eee ee ee eens VRwM 400V 500V 600V | 
| 
DC Blocking Voltage..... 20... cece ce eee e cece eee eeeeeeeeeeen Vr 400V 500V 600V | 
Average Rectified Forward Current ............... 02s eee eee eee lF(AV) 30A 30A 30A 
(Total device forward current at rated Vp and To = +150°C) 
Peak Forward Repetitive Current............. 0. eee eee eee eee lERM 70A 70A 70A | 
(Rated Vp, square wave 20kHz) 
Nonrepetitive Peak Surge Current.............. 0... cece eee ee eee lESm 325A 325A 325A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 
Operating and Storage Temperature.................0000 ee eee Tsta, Ty -55°C to+175°C = -55°C to +175°C = -55°C to +175°C 
Copyright © Harris Corporation 1995 File Number 2776.3 
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Specifications RURP3040, RURP3050, RURP3060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
TEST |: RURPSO40— RURP3050 RURP3060 
SYMBOL 


CONDITION TYP 


lz = 30A 
To= +1 50°C 


: 
: E 


lp = 30A 


sk 


nN Gi Mm 
oO}; OF ©] © 
. oO _ 
= 
> 


3 
=a, 
o o 


2 20 ” 

Wl 

DEFINITIONS a 5S 
Vr = Instantaneous forward voltage (pw = 300s, D = 2%). LO 
lp = Instantaneous reverse current. P Lu 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of tg + tg. ar 5 
ta = Time to reach peak reverse current at dip/dt = 100A/us (See Figure 2). ir 

” 


tg = Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ipyy through 25% of Ina (See Figure 2). 
Rec = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V, AMPLITUDE CONTROLS di,J/dt 


L,;=SELFINDUCTANCEOFR, t2 Staqnay) 
+ Lioop '2> tar 
tg >0 
L; _ tacmin) 


< 
R, 10 


1 itn 
nT 
pteopou 
1 ou 
| iow 
| o> |< ts 
1 1ou 
é i] iy 

wu 

VRM(REC) - — — — — 
FIGURE 1. tag TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tp 
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RURP3040, RURP3050, RURP3060 


Typical Performance Curves 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 


l_peak = 1A, Lo 40mH, R< 0.1Q, E avi = ("/o) LI7[Vayi/(Vave - Vpp)] 
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HarRRic AURP3070, RURP3080, 
etieonevere" PURP3090, RURP30100 


30A, 700V - 1000V Ultrafast Diodes 


GD 


April 1995 


Features Package 


e Ultrafast with Soft Recovery Characteristic JEDEC TO-220AC 


(tap < 110ns) 
+175°C Rated Junction Temperature 
Reverse Voltage Up to 1000V 
Avalanche Energy Rated 
Planar Construction 
Applications 
¢ Switching Power Supply 
¢ Power Switching Circuits 
e General Purpose 
Description 


RURP3070, RURP3080, RURP3090, RURP30100 are 
ultrafast diodes with soft recovery’ characteristics 
(tan < 110ns). They have a low forward voltage drop and are 
silicon nitride passivated, ion-implanted, epitaxial construc- 
tion. 


These devices are intended for use as flywheel/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteristics 
minimizes ringing and electrical noise in many power switching 
circuits thus reducing power loss in the switching transistor. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURP3070 TO-220AC RURP3070 


ULTRAFAST 
SINGLE DIODES 


RURP3080 TO-220AC RURP3080 
RURP3090 TO-220AC RURP3090 


RURP30100 TO-220AC RUR30100 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


RURP3070 RURP3080 RURP3090 RURP30100 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +121°C) 

Peak Forward Repetitive Current 
(Square wave 20kHz) 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 


Maximum Power Dissipation 
Operating and Storage Temperature 
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File Number 


1000V 
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60A 
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2877.3 


Specifications RURP3070, RURP3080, RURP3090, RURP30100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 


SYMBOL 


LIMITS 


RURP3070 RURP3080 RURP3090 


TEST RURP30100 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di¢/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of |px4 based on a straight line from peak Ip, through 25% of Ip (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/dt R te>5t 
L, = SELF INDUCTANCE OF R, 1 1 = ~'A(MAX) 
+L ty > tar 
LOOP t>0 


Ly 
Ry 


ta(MIN) 
10 


< 


FIGURE 1. 


VM (REC) 


tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tar, ta AND tg 
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RURP3070, RURP3080, RURP3090, RURP30100 


Typical Performance Curves 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


I_peak =1A,L= 40mH, R< 0.1, EavL x ("/2) LI7[Vavi/(Vavi = Vpp)] 
Q1 AND Q2 ARE 1000V MOSFETs 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 


Ir(ave)» AVERAGE CURRENT (A) 


ULTRAFAST 
SINGLE DIODES 


Tc, CASE TEMPERATURE (°C) 


FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
TEMPERATURE 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


HARRIS RURP30120 


April 1995 30A, 1200V Ultrafast Diode 


aD 


Features Package 
¢ Ultrafast with Soft Recovery JEDEC TO-220AC 
Operating Temperature ANODE 
Reverse Voltage CATHODE 
CATHODE 
Avalanche Energy Rated (FLANGE) 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


The RURP30120 (49031) is an ultrafast diode with soft recovery 
characteristic (tap < 110ns). It has low forward voltage drop and is 
silicon nitride passivated ion-implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping diode 
and rectifier in a variety of switching power supplies and other 
power switching applications. Its low stored charge and ultrafast 
recovery with soft recovery characteristic minimize ringing and 
electrical noise in many power switching circuits, reducing power 
loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURP30120 TO-220AC RUR30120 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RURP30120 UNITS 

Peak Repetitive Reverse Voltage 1200 V 
Working Peak Reverse Voltage 1200 V 
DC Blocking Voltage 1200 V 
Average Rectified Forward Current 30 A 

(To = +110°C) 
Repetitive Peak Surge Current 60 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 300 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 125 
Avalanche Energy (L = 40mH) 30 
Operating and Storage Temperature -65 to +175 
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Specifications RURP30120 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


le = 30A, To = +25°C 


Pantene 
(ea ores 
nd 
a 


|; = 30A, di-/dt = 100A/us 
I; = 30A, dip/dt = 100A/us 


|; = 30A, dip/dt = 100A/us 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
I; = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipx, based on a straight line from peak Ipaq through 25% of lpn (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eayt = Controlled avalanche energy (See Figures 7 and 8). 


t) 2 Sta(MAXx) 


pw = pulse width. 7p) 

D = duty cycle. - = 

ZO 

V, AMPLITUDE CONTROLS I; o ra 

V> AMPLITUDE CONTROLS di,/dt o Ww 

L, = SELF INDUCTANCE OF +V3 FF a 
Ry+b 

4+ “Loop — i 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURP30120 


Typical Performance Curves 
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FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 


5-98 


SEMICONDUCTOR RURU5060 


April 1995 50A, 400V - 600V Ultrafast Diodes 


Features Package 

e Ultrafast with Soft Recovery JEDEC STYLE SINGLE LEAD TO-218 
Operating Temperature 
Reverse Voltage Up To CATHODE 

Avalanche Energy Rated lithe 


Planar Construction 


Applications 


e Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURU5040, RURU5050 and RURU5060 (TA9909) are ultrafast 
diodes with soft recovery characteristics (tap < 65ns). They have 
low forward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 

PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURU5040 TO-218 RURU5040 


ULTRAFAST 
SINGLE DIODES 


RURU5050 TO-218 RURU5050 
RURUS5S060 TO-218 RURU5060 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURU5040 RURU5050 RURU5060 UNITS 


Peak Repetitive Reverse Voltage 400 500 600 V 
Working Peak Reverse Voltage 400 500 600 V 
DC Blocking Voltage 400 500 600 V 
Average Rectified Forward Current 50 50 50 A 
(To = +102°C) 
Repetitive Peak Surge Current 100 100 100 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 500 500 500 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 150 150 150 
Avalanche Energy 40 40 40 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 
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Specifications RURU5040, RURU5050, RURU5060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL 


LIMITS 


RURU5040 RURU5050 


TEST CONDITION 


eer 


cian 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lk = Instantaneous reverse current. 
tap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). | 
tg = Time from peak Ipy to projected zero crossing of Ipx4 based on a straight line from peak Ipxy through 25% of Ip, (See Figure 2). | 
Rejc = Thermal resistance junction to case. | 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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FIGURE 1. tar TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURU5040, RURU5050, RURU5060 
Typical Performance Curves 
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Go 


arRic RURU5070, RURU5S080, 
semieoxeveres  PURUS090, RURU5S0100 


April 1995 50A, 700V - 1000V Ultrafast Diodes 


Features Package 


¢ Ultrafast with Soft Recovery 
Operating Temperature 
Reverse Voltage Up To 
Avalanche Energy Rated 


Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURU5070, RURU5080, RURU5090 and RURU50100 (TA9910) 
are ultrafast diodes with soft recovery characteristics (tar < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimize ringing 
and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RURU5070 

Peak Repetitive Reverse Voltage 700 
Working Peak Reverse Voltage 700 
DC Blocking Voltage 700 
Average Rectified Forward Current 50 

(To = +88.6°C) 
Repetitive Peak Surge Current 100 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 500 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 150 
Avalanche Energy (L = 40mH) 40 
Operating and Storage Temperature -65 to +175 
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CATHODE 
(FLANGE) 


RURU5080 


800 
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800 
50 
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40 


-65 to +175 


RURU5090 
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JEDEC STYLE SINGLE LEAD TO-218 


ANODE 


RURUSO100 UNITS 
1000 V 
1000 V 
1000 V 

50 A 
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500 
150 


40 
-65 to +175 


File Number 3376.2 


Specifications RURU5070, RURU5080, RURU5090, RURU50100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
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DEFINITIONS 
V_ = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tz = Time from peak Ipy to projected zero crossing of Ixy based on a straight line from peak Ipyy through 25% of In (See Figure 2). 
Rojo = Thermal resistance junction to case. 
Envy, = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 


V2 AMPLITUDE CONTROLS di-/dt R te >5t 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tarp WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
SINGLE DIODES 


RURU5070, RURU5080, RURU5090, RURU50100 


Typical Performance Curves 
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@ HARRIS RURUS0120 


April 1995 50A, 1200V Ultrafast Diode 


Features Package 
e Ultrafast with Soft Recovery SINGLE LEAD JEDEC STYLE TO-218 


Operating Temperature 
P g P ANODE 


Reverse Voltage CATHODE 


Avalanche Energy Rated (FLANGE) 


Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RURU50120 (TA49099) are ultrafast diodes with soft 
recovery characteristics (tap < 125ns). They have low for- 
ward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and ultrafast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RURU50120 TO-218 RURU50120 


NOTE: When ordering, use the entire part number. 


ULTRAFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RURU50120 

Peak Repetitive Reverse Voltage 1200 
Working Peak Reverse Voltage 1200 
DC Blocking Voltage 1200 
Average Rectified Forward Current 50 

(To = +85°C) 
Repetitive Peak Surge Current 100 

(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 500 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 170 
Avalanche Energy (L = 40mh) 50 
Operating and Storage Temperature -65 to +175 
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Specifications RURU50120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
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I; = 50A, di¢/dt = 100A/us 


DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipxy based on a straight line from peak Ipny through 25% of Ipxy (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
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FIGURE 1. tana TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURUS0120 


Typical Performance Curves 
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VOLTAGE DROP 
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FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 
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FIGURE 7. TYPICAL tar, ta AND ts CURVES vs FORWARD 
CURRENT AT +175°C 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 
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FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 
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FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RURUS50120 


Typical Performance Curves (continued) 
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FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 
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FARRIS 


SEMICONDUCTOR 


RURU75120 


April 1995 75A, 1200V Ultrafast Diode 


aD 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE SINGLE LEAD TO-218 


¢ Operating Temperature ANODE 


e Reverse Voltage 


CATHODE 
(FLANGE) 


e Planar Construction | N 


e Avalanche Energy Rated 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


The RURU75120 (TA49032) is an ultrafast diode with soft 
recovery characteristics (tap < 125ns). It has low forward 
voltage drop and is silicon nitride passivated ion-implanted 


”) 
epitaxial planar construction. ir ra} 
This device is intended for use as a freewheeling/clamping < o 
diode and rectifier in a variety of switching power supplies < - 
and other power switching applications. Its low stored = —! 
charge and ultrafast recovery with soft recovery characteris- = > 
tic minimize ringing and electrical noise in many power o 


switching circuits reducing power loss in the switching tran- 
sistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURU75120 TO-218 RURU75120 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings TT, = +25°C 


RURU75120 UNITS 

Peak Repetitive Reverse Voltage V 
Working Peak Reverse Voltage V 
DC Blocking Voltage V 
Average Rectified Forward Current A 

(To = +56.75°C) 
Repetitive Peak Surge Current 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy (L = 40mH) 
Operating and Storage Temperature -65 to +175 
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Specifications RURU75120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST 
SYMBOL CONDITION 


eo 
Se 
le = 75A, di-/dt = 100A/us 

+ 


le = 75A, dig/dt = 100A/us 


Ip = 75A, di/dt = 100A/us 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ip based on a straight line from peak Ipy through 25% of Ipay (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 


Rg + Lioop Sta MAX) 


‘mu = <== 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURU75120 


Typical Performance Curves 
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mM HARRIS RURU8040, RURU8050, 
semiconsueTer RURU8060 


April 1995 80A, 400V - 600V Ultrafast Diodes 


Features Package 


e Ultrafast with Soft Recovery JEDEC STYLE SINGLE LEAD TO-218 
ANODE 


Operating Temperature 

Reverse Voltage Up To : KS 
CATHODE 

Avalanche Energy Rated (FLANGE) = sr 

Planar Construction | Ee « 


oH 


Applications 


e Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RURU8040, RURU8050 and RURU8060 (TA9886) are ultrafast 
diodes with soft recovery characteristics (tap < 75ns). They have 
low forward voltage drop and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PART NOWBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURU8040 RURU8050 RURU8060 UNITS 


Peak Repetitive Reverse Voltage 400 600 V 
Working Peak Reverse Voltage 400 600 V 
DC Blocking Voltage 400 600 V 
Average Rectified Forward Current 80 80 A 
(Tc = +84°C) 
Repetitive Peak Surge Current 160 160 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 800 800 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 180 180 180 
Avalanche Energy (L = 40mH) 50 50 50 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 
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Specifications RURU8040, RURU8050, RURU8060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL 


LIMITS 


RURU8040 RURU8050 RURU8060 


TEST CONDITION 


Ie = B80A, To = +150°C 


Vp = 400V, Te = +25°C 


Vp = 500V, Te = +25°C 
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l- = 80A, dl-/dt = 100A/us 
DEFINITIONS 


V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipxy based on a straight line from peak Ipry through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, +V3 


V2 AMPLITUDE CONTROLS di-/dt R te>st 
L, = SELF INDUCTANCE OF Ry, 1 . <= ¥*A(MAX) 
2>trr 
+Lioop 
ty > 0 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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ULTRAFAST 
SINGLE DIODES 


RURU8040, RURU8050, RURU8&060 


Typical Performance Curves 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 


wey Semrconovere" RURU8090, RURU80100 


April 1995 80A, 700V - 1000V Ultrafast Diodes 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE SINGLE LEAD TO-218 


Operating Temperature 
‘ - r ANODE 
Reverse Voltage Up To CATHODE 


Avalanche Energy Rated (FLANGE) 


Planar Construction DL 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


RURU8070, RURU8080, RURU8090 and RURU80100 (TA9887) 
are ultrafast diodes with soft recovery characteristics (tap < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimize ringing 
and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RURU8070 TO-218 RURU8070 


ULTRAFAST 
SINGLE DIODES 


RURU8080 TO-218 RURU8080 
RURU8090 TO-218 RURU8090 
RURU80100 TO-218 RURU80100 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 
RURU8070 RURU8080 RURU8090 RURU80100 UNITS 


Peak Repetitive Reverse Voltage 700 800 900 1000 

Working Peak Reverse Voltage 700 800 900 1000 

DC Blocking Voltage 700 800 900 1000 

Average Rectified Forward Current 80 80 80 80 
(To = +59°C) 

Repetitive Peak Surge Current 160 160 160 160 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 500 500 500 500 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 180 180 180 180 

Avalanche Energy (L = 40mH) 50 50 50 50 

Operating and Storage Temperature ; -65to+175 -65to+175 -65to+175 -65to+175 
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Specifications RURU8070, RURU8080, RURU8&090, RURU80100 


Electrical Specifications T,. = +25°C, Unless Otherwise Specified 


LIMITS 
RURU8070 RURU8080 
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Vp = 700V, To = 150°C 

= B00V, Tg = 150°C 

= 900V, Tg = 150°C 
Ve = 1000V, To = 150°C 
I; = 1A, dip/dt = 100A/us 
I; = 80A, dip/dt = 100A/ys 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipx, based on a straight line from peak Ip, through 25% of Ina, (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/dt & Bt 
L, = SELF INDUCTANCE OF Ry, 1 ms a : A(MAX) 
+Lioop 2>tkR 
ts >0 


Q, 
L; ~ ‘A(MIN) 
R, «+10 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURU8070, RURU8080, RURU8090, RURU80100 


Typical Performance Curves 


| 
ll 


- RAMPS 
- uRMPS 


till 
| 


Ses oe ae en ee TT 
ee 2 | ee es Ee 


FORWARD CURRENT (Ip) 
=) 
REVERSE CURRENT (Ip) 


i 3.0 “0 200 400 600 800 1000 
as wate? (Vp) “= oo REVERSE VDLTABE (VR) - VDLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 


Ea 
= 
oO ww 
e ce 
w w 
a 
« 
=x 
S 
© 
> 0 75 100 125 
FDRWARD ns GIip) - AMPS CASE TEMPERATURE - (Tp) = "E 
FIGURE 5. TYPICAL trp, ta AND ts CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX = 1A 
L = 40mH 
R <0.12 
Eavi = 1/2L? [VavL(Vav - Yoo)! 
Q, & Q, ARE 1000V MOSFETs L R 4 
1 e 
Vop 
1302 
y : | DUT 
Q2 
12V 
4— CURRENT 
1302 + SENSE 
Vop 
I “9 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 


5-117 


ULTRAFAST 
SINGLE DIODES 


-arric RURU10040, RURU10050, 
passnenpwaven RURU10060 


April 1995 100A, 400V - 600V Ultrafast Diodes 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE SINGLE LEAD TO-218 
Operating Temperature 


Reverse Voltage Up to 


CATHODE 


Avalanche Energy Rated (FLANGE) 


Planar Construction 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Description 


RURU10040, RURU10050 and RURU10060 (TA49019) 
are ultrafast diodes with soft recovery characteristics 
(tap < 80ns). They have low forward voltage drop and are 
silicon nitride passivated ion-implanted epitaxial planar 
construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteristic 
minimize ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C 


RURU10040 RURU10050 RURU10060 UNITS 

Peak Repetitive Reverse Voltage 400 500 600 V 
Working Peak Reverse Voltage 400 500 600 V 
DC Blocking Voltage 400 500 600 V 
Average Rectified Forward Current 100 100 100 A 

(To = +68.2°C) 
Repetitive Peak Surge Current 200 200 200 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 1000 1000 1000 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 210 210 210 
Avalanche Energy (L = 40mH) 50 50 50 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 
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Specifications RURU10040, RURU10050, RURU10060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST 
CONDITION 


—_— 
BS 


To = +1 50°C 


lr = 1A, di-/dt = 100A/us 


Ic = 100A, di¢/dt = 100A/us 
I: = 100A, di-/dt = 100A/us 


Iz = 100A, dle/dt = 100A/us 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 


tg = Time from peak Ixy to projected zero crossing of Ipyy based on a straight line from peak Ipry through 25% of IRjy (See Figure 2). 


Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, +V5 

V2 AMPLITUDE CONTROLS di,-/dt R Te 

L, = SELF INDUCTANCE OF Ry, 1 . nd — 
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FIGURE 1. tap TEST CIRCUIT 


5-119 


TYP 


als 
fo) 


nN 
oa) 


N 
ou 


& 
chet pepe pede 


FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


ULTRAFAST 
SINGLE DIODES 


RURU10040, RURU10050, RURU10060 


Typical Performance Curves 
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a arn RURU100120 


April 1945 100A, 1200V Ultrafast Diode 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE SINGLE LEAD TO-218 

Operating Temperature aioe 
Reverse Voltage 


CATHODE | _ = 
Avalanche Energy Rated (FLANGE) Cos 
Planar Construction | (SQt 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RURU100120 (TA49020) is an ultrafast diode with soft 
recovery characteristics (tap < 125ns). It has low forward 
voltage drop and is silicon nitride passivated ion-implanted 
epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored 
charge and ultrafast recovery with soft recovery characteris- 
tic minimize ringing and electrical noise in many power 
switching circuits reducing power loss in the switching tran- 
sistors. 


ULTRAFAST 
SINGLE DIODES 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RURU100120 TO-218 URU100120 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings § T, = +25°C 


RURU100120 UNITS 

Peak Repetitive Reverse Voltage 1200 V 
Working Peak Reverse Voltage 1200 V 
DC Blocking Voltage 1200 V 
Average Rectified Forward Current 100 A 

(To = +48.7°C) 
Repetitive Peak Surge Current 200 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 500 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 210 
Avalanche Energy (L = 40mH) 50 
Operating and Storage Temperature -65 to +175 
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Specifications RURU100120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


re Tom 180°C 
a 


lz = 100A, dl-/dt = 100A/us 


I= = 100A, di-/dt = 100A/us 


I: = 100A, dl-/dt = 100A/us 
DEFINITIONS 


V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of |pyy based on a straight line from peak Ipy through 25% of Ipay (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V, AMPLITUDE CONTROLS di,/dt 
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+V; < ‘A(MIN) 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURU100120 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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CURRENT 


IMAX =1A 

L = 40mH 

R<0.1Q 

Eavi = 1/2LP [VaviVavi - Yoo!) 


Qy & Q, ARE 1000V MOSFETs L R ad 
Vpp 
i 1300 
DUT 
f J Q 
ia C(’ 
g- CURRENT 
1302 ~- SENSE 
Vop 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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™) HARRIS 


LE sEmMIcONDUCTOR 


April 1995 


Features 

e Ultrafast with Soft Recovery 
¢ Operating Temperature 

e Reverse Voltage Up To 

e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switchssing Circuits 


e General Purpose 


Description 


RURU15040, RURU15050, 
RURU15060 


150A, 400V - 600V Ultrafast Diodes 


Package 
JEDEC STYLE SINGLE LEAD TO-218 


ANODE 
CATHODE , >, 
(FLANGE) 


RURU15040, RURU15050 and RURU15060 are ultrafast diodes 
with soft recovery characteristics (tar < 85ns). They have low 
forward voltage drop and are silicon nitride passivated ion- 


implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 


power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T¢ = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +85°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (L = 40mH) 

Operating and Storage Temperature 
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RURU15040 RURU15050 RURU15060 UNITS 


400 500 600 
400 500 600 
400 500 600 
150 150 150 


300 300 300 
1500 1500 1500 
375 375 375 


50 50 50 
-65 to +175 -65 to +175 -65 to +175 
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Specifications RURU15040, RURU15050, RURU15060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL 


LIMITS 


RURU15040 RURU15050 RURU15060 


TEST CONDITION TYP TYP UNITS 


Vp = GOOV, To = +25°C 


Vp = 400V, To = 150°C 

Vr = 500V, To = 150°C 

Vr = 600V, To = 150°C 
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le = 1A, di¢/dt = 100A/us 


l- = 150A, di-/dt = 100A/us 100 100 


I; = 150A, di-/dt = 100A/us 


l- = 150A, dl-/dt = 100A/us 
DEFINITIONS 


V_ = Instantaneous forward voltage (pw = 300us, D = 2%). 
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lz = Instantaneous reverse current. 
tap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipxy based on a straight line from peak Ipy through 25% of Ipaq (See Figure 2). 
Rejc = Thermal resistance junction to case. 
E ay, = Controlled avalanche energy. (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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FIGURE 1. tag TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURU15040, RURU15050, RURU15060 


Typical Performance Curves 
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CURRENT 
IMAX =1A 
L = 40mH 
R<0.10 
Eavi = 1/2LP [Vavi/(Vavi - Yoo)! 
Q, &Q) ARE 1000V MOSFETs L A ~ 
1 e@ 
Vop 
1302 
f i | DUT 
Q2 
12V 
4— CURRENT 
1302 + SENSE 
Vpp 
[| “@ 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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MHARRIS AURUISO70, RURU15080, 
~*~" RURU15090, RURU150100 


April 1995 150A, 700V - 1000V Ultrafast Diodes 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE SINGLE LEAD TO-218 


Operating Temperature 


ANODE 
Reverse Voltage Up To <> 
CATHODE 
Avalanche Energy Rated (FLANGE) 
Planar Construction | SQt 
=, 


oe 
Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURU15070, RURU15080 and RURU15090 and RURU150100 are 
ultrafast diodes with soft recovery characteristics (t—aR < 125ns). 
They have low forward voltage drop and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RURU15070 TO-218 RURU15070 


ULTRAFAST 
SINGLE DIODES 


RURU15080 TO-218 RURU15080 
RURU15090 TO-218 RURU15090 
RURU150100 TO-218 RUR150100 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURU15070 RURU15080 RURU15090 §=RURU150100 UNITS 


Peak Repetitive Reverse Voltage 700 800 900 1000 
Working Peak Reverse Voltage 700 800 900 1000 
DC Blocking Voltage 700 800 900 1000 
Average Rectified Forward Current 150 150 150 
(Tc = +65°C) 
Repetitive Peak Surge Current 300 300 300 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 1500 1500 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 375 375 375 
Avalanche Energy (L = 40mH) 50 50 50 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 -65 to +175 
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Specifications RURU15070, RURU15080, RURU15090, RURU150100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
SYMBOL TEST CONDITION | MIN | TYP [MAX] MIN | TYP | MAX] MIN | TYP | MAX] MIN | TYP | MAX| UNITS 
SCR 
[frst tomer re 
[eco mac ico ee  E 
MaaeeTgemere > | =| bP ey | 
a 


eee |S 


Va = 700V, To = +150°C Le | 

a= 000 Foxe = 
Eee 
a= THB To= sO 

? po 
nas om | 
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ak | ak 
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oO 
w o1 = 
SG 3 = 
3 Sicliyit 
=| 2 >| >| >] >] > <| < 


Ww 
oO 


= 
ine) 
o1 


100 


Ip = 150A, di-/dt = 100A/us 
le = 150A, dip/d t = 100A/us 
I = 150A, die/dt = 100A/us 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ipyy through 25% of Ina, (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


és) = 
oO 


oO NO 


Oo 
i=) 


V, AMPLITUDE CONTROLS I, +V3 
V2 AMPLITUDE CONTROLS di-/dt te>5t 
L, = SELF INDUCTANCE OF R, 1 b 7 : A(MAX) 
RR 
. LLoor ty >0 
+V; ha § - ta(MIN) 
R 10 
0 | | 4 
1 1 it 
| Mire 
en 
reoyon 
| tou 
| ion 
| | |—<«- ty 
| iow 
6 ' | 
VU 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURU15070, RURU15080, RURU15090, RURU150100 


Typical Performance Curves 


- AMPS 
- uRMPS 


= z 
A = 2S A 
[= } uw eG Ge ee eee 
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FORWARD VOLTAGE <Ve) - VOLTS REVERSE VOLTAGE (Vp) - VOLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 


- AMPS 


(Ie CAV)? 


- ms 


TIME (%) 


ULTRAFAST 
SINGLE DIODES 


AVERAGE FORWARD CURRENT - 


| 10 100 200 75 100 125 
FORWARD CURRENT ¢ Ip) - AMPS CASE TEMPERATURE - (Tp) = i 
FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX =1A 
L = 40mH 
R<0.10 
Eavi = 1/2LP [Vayi/(Vavi - Vpo)] 
Q, & Q, ARE 1000V MOSFETs L R 4 
1 e 
Vpp 
1302 
y : | DUT 
Q2 
12V 
4— CURRENT 
1302 t SENSE 
Vpp 
I “9 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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SELECTION GUIDE 
ULTRAFAST DUAL DIODE DATA SHEETS 


ee | 


BYW51-100, BYW51-150, BA, 1O0V « 200V Ullratast Dual DIOS... 6 cia ccc rnin vee keen ire eee en een eee nhs 


BYW51-200 


MUR1610CT, 
MUR1615CT, 
MUR1620CT, 
RURP810CC, 
RURP815CC, 
RURP820CC 


MUR3010PT, 
RURH1510CC, 
MUR3015PT, 
RURH1515CC, 
MUR3020PT, 
RURH1520CC 


MUR3040PT, 
RURH1540CC, 
MUR3O50PT, 
RURH1550CC, 
MURSO6O0PT, 
RURH1560CC 


RURG1510CC, 
RURG1515CC, 
RURG1520CC 


RURG1540CC, 
RURG1550CC, 
RURG1560CC 


RURG1570CC, 
RURG1580CC, 
RURG1590CC, 
RURG15100CC 


RURG15120CC 


RURG3010CC, 
RURG3015CC, 
RURG3020CC 


RURG3040CC, 
RURG3050CC, 
RURG3060CC 


8A, 100V - 200V Ultrafast Dual Diodes.............. 00.0... ee eee 


15A, 100V «= 200V Ultratast Dual Di6deS:.... 5 cca cc cveccucea neces een ewseaee wrens 


15A, 400V - 600V Ultrafast Dual Diodes ....... 2... 0... ee ee ee eee 


15A, 100V - 200V Ultrafast Dual Diodes ........ 2... 0... ees 


15A, 400V - 600V Ultrafast Dual Diodes ........... 0... ee ees 


15A, 700V - 1000V Ultrafast Dual Diodes ......... 0... 0. ce ee ee ee eee 


15A, 1Z200V Ultratast Dual DIOdG. .4.c sc cceede vias cea cases eee dates cree eases cows 
S0A, 100V = 200V Uliratast Dual DiedeS ... co.cc ccc cc kw seins cee senses asacsasaesa 


30A, 400V - 600V Ultrafast Dual Diodes ........ 0.0... ee ee eee 
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DUAL DIODES 


RURG3070CC, 
RURG3080CC, 
RURG3090CC, 
RURG30100CC 


RURG30120CC 


RURH1570CC, 
RURH1580CC, 
RURH1590CC, 
RURH15100CC 


RURH3010CC, 
RURH3015CC, 
RURH3020CC 


RURH3040CC, 
RURH3050CC, 
RURH3060CC 


RURH3070CC, 
RURH3080CC, 
RURH3090CC, 
RURH30100CC 


RURP640CC, 
RURP650CC, 
RURP660CC 


RURP810CC, 
RURP815CC, 
RURP820CC 


RURP840CC, 
RURP850CC, 
RURP860CC 


Ultrafast Dual Diodes continue) 


PAGE 
30A, 700V - 1000V Ultrafast Dual Diodes ......... 20... 0.0 ce ee eee 6-37 
SOM; levov WurstaG Dal DIGS. 6d kde 65.0 56686 OER w SURE SSS RENEE R ORR EWE OR OES 6-40 
15A, 7OOV - 1000V Ultrafast Dual Diodes .......... 0.0... ee ee 6-43 
30A, 100V - 200V Ultrafast Dual Diodes .......... 0.0.0. ce ens 6-46 
30A, 400V - 600V Ultrafast Dual Diodes .... 2... 0... .. ce ee eee 6-49 
30A, 700V - 1000V Ultrafast Dual Diodes ............ 0... 0. ee eee 6-52 
6A, 400V - 600V Ultrafast Dual Diodes ............ 2.0.0... ee eee 6-55 
8A, 100V - 200V Ultrafast Dual Diodes ........... 20... 0... ee ee 6-59 
8A, 400V - 600V Ultrafast Dual Diodes .............. 0.00. ee eee 6-61 
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HARRIS DUAL ULTRA-FAST RECOVERY RECTIFIER PRODUCT LINE 


35nsf1.OV 


35nsf1.OV 


35ns 41.0V 35ns 


400V |RURD440CC RURD440CCS 
1.5V 1.5V 60ns 


RURP640CC 
1.5V 60ns 


500V FRURD450CC 
1.5V 60ns 


RURD450CCS 
1.5V 60ns 


RURP650CC 
1.5V 60ns 


600V fRURD460CC 
1.5V 60ns 


RURD4460CCS 
1.5V 60ns 


RURP660CC 
1.5V 60ns 


RURP4120CC 


1V 90ns 92.1V 90ns 


ULTRAFAST 


DUAL DIODES 


RURP6120CC 


BYW51100 
0.95V 35nst 
MUR1610CT 
RURP810CC 
0.975V 35ns 


BYW51150 
0.95V 35nst 
MUR1615CT 
RURP815CC 
0.975V 35ns 


BYW51200 
0.95V 35nst 
MUR1620CT 
RURP820CC 
0.975V 35ns 


RURP840CC 
1.3V 70ns 


MUR3010PT 
RURH1510CC 
1.05V 35ns 


MUR3015PT 
RURH1515CC 
1.05V 35ns 


MUR3020PT 
RURH1520CC 
1.05V 35ns 


MUR3040PT 
RURH1540CC 
1.25V 60ns 


MUR3050PT 
RURH1550CC 
1.25V 60ns 


MUR3O60PT 
RURH1560CC 
1.25V 60ns 


RURP870CC RURH1570CC 
1.8V 110ns}]1.8V 125ns 
RURP880CC RURH1580CC 
1.8V 110ns}1.8V 125ns 
RURP890CC RURH1590CC 
1.8V 110ns]1.8V 125ns 


RURP8100CC 
1.8V 


RURP850CC 
1.5V 70ns 


RURP860CC 
1.5V 70ns 


RURP8120CC 


RURH3010CC 
1.0V 


RURG1510CC RURG3010CC 
50ns11.05V35ns 1.0V 50ns 


RURH3015CC 
1.0V 


RURG1515CC RURG3015CC 
50ns11.05V35ns 1.0V 50ns 


RURH3020CC 
1.0V 


RURG1520CC 
50nsi1.05V35ns 


RURG3020CC 
1.0V 50ns 


RURH3040CC RURG1540CC RURG3040CC 
1.5V 60ns11.5V60ns 1.5V 60ns 
URH3050CC RURG1550CC RURG3050CC 
1.5V 60ns11.5V 60ns}1.5V 60ns 


RURH3060CC RURG1560CC RURG3060CC 
1.5V 60ns11.5V 60ns}1.5V 60ns 
RURH3070CC RURG1570CC RURG3070CC 
1.8V 150ns}1.5V 125ns]}]1.5V 150ns 
RURH3080CC RURG1580CC RURG3080CC 
1.8V 150ns}1.5V 125ns}1.5V 150ns 
RURH3090CC RURG1590CC RURG3090CC 
1.8V 150ns}1.5V 125ns11.5V 150ns 


RURH15100CC | RURH30100CC | RURG15100CC RURG30100CC 
110ns]}1.8V 125ns }1.8V 150ns]1.5V 125ns}]1.5V 150ns 


RURG15120CC 


RURG30120CC 
1V 110ns 2.1V 130nsj2.1 150ns 


ITALICS = Future Product Offerings; Vr at lE~ava)» Ty = 25°C; Trr at lF(AVG) di-/dt = 100A/usec T, = 25°C; t Trr at Ip=1A. 
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SEMICONDUCTOR 


June 1995 


Features 
e Ultra Fast Recovery Time (<35ns) 
e Low Forward Voitage 

Low Thermal Resistance 

Planar Design 


Wire-Bonded Construction 


Applications 


e General Purpose 
e Power Switching Circuits to 100kHz 


e Full-Wave Rectification 


Description 


The BYW51 series devices are low forward voltage drop, 
ultra-fast-recovery rectifiers (tap < 35ns). They use a planar 
ion-implanted epitaxial construction. 


These devices are intended for use as output rectifiers and 
fly-wheel diodes in a variety of high-frequency pulse-width- 
modulated and switching regulators. Their low stored charge 
and attendant fast reverse-recovery behavior minimize elec- 
trical noise generation and in many circuits markedly reduce 
the turn-on dissipation of the associated power switching 
transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
BYW51-100 TO-220AB BYW51100 


BYW51-150 TO-220AB BYW51150 
BYW51-200 TO-220AB BYW51200 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings Per Junction 


Maximum Peak Repetitive Reverse Voltage 
Maximum Peak Surge Voltage 

Repetitive Peak Surge Current 
Nonrepetitive Peak Surge Current 


Average Rectified forward Current 
To = +125°C, a= 0.5 


Repetitive Peak Surge Current 
tp = 10ms, Sinusoidal 


Maximum Power Dissipation 
Operating and Storage Temperature 


T, (Lead Temperature During Soldering) 
At Distance > '/ in. (3.17mm) From Case For 10s max. 


Copyright © Harris Corporation 1995 


BYW51-100, 
BYW51-150, BYW51-200 


8A, 100V - 200V Ultrafast Dual Diodes 


Package 


JEDEC TO-220AB 
ANODE 1 


CATHODE 
(FLANGE) 


ULTRAFAST 
DUAL DIODES 


BYW51-100 BYW51-150 BYW51-200 UNITS 


100 150 200 V 
110 


-40 + 150 -40 + 150 -40 + 150 
260 260 260 


File Number 1412.2 
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Specifications BYW51-100, BYW51-150, BYW51-200 


Electrical Specifications Per Junction 


TEST | TESTCONDITIONS LIMITS 
ceca! ~~ BYW51-100 BYW51-150 BYW51-200 
SYMBOL 


UNITS 


= 
> 


= 
> 


=, 
> 


3 
> 


= 
> 


3 


0.9 0.95 0.95 


on 


0.8 0.89 0.89 


ice) 


1 (Note 1) 


a 
to) 
on 


°C/W 


in 


a Per Leg 
Reyc, Total 


Senecinsee 
1. dip/dt > 50A/us, Ipy(rec) <1A, Ipp = 0.25A. 


°C/W 


—s 


he 
wo], on 


Ww 


°C/W 


“~ |] NIT w 
on}; o 


All types (typ.) 40 


<n 


no) 
mn 
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BYW51-100, BYW51-150, BYW51-200 


Typical Performance Curves 


160 


REAPPLIED Vp(PK) = Va 


80 
Ty = 100°C 


1 10 100 
N, NUMBER OF HALF-CYCLES IN SURGE DURATION AT 50Hz 


lesa, PEAK SURGE (NON-REPETITIVE) 
FORWARD CURRENT (A) 


FIGURE 1. PEAK SURGE FORWARD CURRENT vs SURGE 
DURATION 


100 
Ty = -55°C 


| | 


T J= +25°C 


\ 


10 


Ty = +100°C 


- 


Ty = +125°C 


Ty = +150°C 


0.1 


ie, FORWARD CURRENT (A) 


ie | TiN 
“HL TIFea 
LULL ATE UINN TL 


a = 
v//. in 
001 =e //40 a oo 
0.2 04 06 08 1 


Vr, FORWARD VOLTAGE DROP (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Reyc» THERMAL IMPEDANCE (°C/W) 


1000 
ni PULSE WIDTH ie 


FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH 
(PER JUNCTION) 


10,000 === 
rTizZAit [ [it | f{ {fl 
asi Ty = +150°C ot) / oc 
1000 Scueen oaeaee 
3 
F400 
Ww 
fo a 
5 
re) 10 
oD n 
tr me Ww 
> , ”O 
= Q 
as Q 
0.1 oc 7 
F< 
>» 
0.01 Q 
0.01 0.1 1 10 100 1000 


Vam, VOLTAGE IN % RATED Vary (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


MUR1610CT, MUR1615CT, 
MUR1620CT, RURP810CC, 
RURP815CC, RURP8&20CC 


8A, 100V - 200V Ultrafast Dual Diodes 


FARRIS 


SEMICONDUCTOR 


tt 


June 1995 


Features Package 


¢ Ultrafast with Soft Recovery 
¢ Operating Temperature 

e Reverse Voltage Up To 

e Avalanche Energy Rated 

e Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 
e General Purpose 


Description 


The MUR1610CT, MUR1615CT, MUR1620CT, RURP810CC, 
RURP815CC and RURP820CC are ultrafast dual diodes with 
soft recovery characteristics (tap < 25ns). They have low 
forward voltage drop and are silicon nitride passivated 
ionimplanted epitaxial planar construction. 


These devices are intended for use as _ freewheeling/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast soft recovery minimize ringing 
and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 

PACKAGE AVAILABILITY 


[PARTNUMBER | PACKAGE | BRAND 
Wi 


NOTE: When ordering, use the entire part number. 
Formerly developmental type TA09224. 


CATHODE 
(FLANGE) 


Absolute Maximum Ratings (per leg) T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +157°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (See Figures 10 and 11) 

Operating and Storage Temperature 
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MUR1610CT 
RURP810CC 


100 

100 

100 
8 


16 
100 
50 


20 
-65 to +175 


JEDEC TO-220AB 


MUR1615CT 
RURP815CC 


150 

150 

150 
8 


100 


50 
20 
-65 to +175 


ANODE 2 
CATHODE 
ANODE 1 


MUR1620CT 
RURP820CC UNITS 
200 
200 
200 
8 


16 
100 
50 


20 
-65 to +175 


File Number 1885.4 


Specifications MUR1610CT, MUR1615CT, MUR1620CT, RURP810CC, RURP815CC, RURP8&20CC 


Electrical Specifications (per leg) T; = +25°C, Unless Otherwise Specified 


MUR1610CT MUR1615CT MUR1620CT 
RURP810CC RURP815CC RURP820CC 
srwaot_| _testconomon [wn [We [wax | win [ TYP | Wax | WIN [ TYP] WAK | Unrs 


[erento [| [ost | —yors[ | [omm[ v_ 
[eceaTorsore [| - fome[ - | - foot - [- [ems[ v_ 
Se A 


Vp = 100V, Te = +150°C 
VR = 150V, To = +150°C 
Va = 200V, To = +150°C 
I; = 1A, dip/dt = 200A/us 
I; = 8A, di-/dt = 200A/us 


I; = 8A, dig/dt = 200A/us 


13 
I; = 8A, dip/dt = 200A/us 5 
25 


= 
= 
= 
= 
= 
= 
= 
= 
ss 
= 
Te 
=z 


100 

25 

30 
3 


°C/W 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current . 
tap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy based on a straight line from peak Ipyy through 25% of Inn (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled Avalanche Energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
DUAL DIODES 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Rg + Lioop R, t, 2 Sta(MAX) 
t)>trr 
tg >0 


+Vy Ly. tan) 
| Ry 10 
O ull 1 
| at | ta ‘hae 
a i! 
It 1 yl 
| , 4 
| j i! 
| ma 
| oo, j-~= ty 
I 1 Oy 
0 a 
wu 
FIGURE 1. tap TEST CIRCUIT FIGURE 2. tana WAVEFORMS AND DEFINITIONS 


MUR1610CT, MUR1615CT, MUR1620CT, RURP810CC, RURP815CC, RURP8&20CC 


Typical Performance Curves 


40 


10 


lz, FORWARD CURRENT (A) 
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0 0.2 0.4 0.6 0.8 1 pe’ 1.4 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C, di-/dt = 200A/us 


— 


t, RECOVERY TIMES (ns) 


lr, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
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VOLTAGE 


Tc = +100°C, di,/dt = 200A/us 
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Bani PE. 
one 
| et 
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I-, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, t, AND tg CURVES vs FORWARD 


IF(av)» AVERAGE FORWARD CURRENT (A) 


CURRENT AT +100°C 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


MUR1610CT, MUR1615CT, MUR1620CT, RURP810CC, RURP815CC, RURP8&20CC 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


ay sth 
L = 40mH 
R<0.1Q 
Eavi = 1/2L? [(VaviAVav - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 


Q, a R +C 
Vpp 
1302 
4 DUT ‘eo 
| Q, YOO 
12V < Oo 
JL qo 
Co 
4- CURRENT KZ 
1302 + SENSE a) = 
Vpp 
| ~ 
12V to ty to t —> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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HARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 


¢ Ultrafast with Soft Recovery Characteristic 
(tar < 30ns) 


¢ +175°C Rated Junction Temperature 
e Reverse Voltage Up to 200V 
e Avalanche Energy Rated 


Applications 


¢ Switching Power Supply 
¢ Power Switching Circuits 
¢ General Purpose 


Description 


MUR3010PT, MUR3015PT, MUR3020PT and RURH1510CC, 
RURH1515CC, RURH1520CC are ultrafast dual diodes 
(tap < 30ns) with soft recovery characteristics. They have a low 
forward voltage drop and are of planar, silicon nitride passivated, 
ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristics minimizes 
ringing and electrical noise in many power switching circuits thus 
reducing power loss in the switching transistor. 


PACKAGING AVAILABILITY 


PART NUWBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C 


MUR3010PT, RURH1510CC, 
MUR3015PT, RURH1515CC, 
MUR3020PT, RURH1520CC 


15A, 100V - 200V Ultrafast Dual Diodes 


Package 
JEDEC TO-218AC 


ANODE1 


CATHODE 
CATHODE ANODE2 


(FLANGE) 


MUR3015PT 
RURH1515CC 


MUR3020PT 
RUR1520CC 


MUR3010PT 
RURH1510CC 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current 
(Total device forward current at rated Vp and To = 150°C) 


Peak Forward Repetitive Current 
(Rated Vp, square wave 20kHz) 


Nonrepetitive Peak Surge Current 
(Surge applied at rated load condition halfwave 1phase 60Hz) 


Operating and Storage Temperature 


Copyright © Harris Corporation 1995 
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100V 

100V 

100V 
15A 


30A 


200A 


-55°C to +175°C 


150V 
150V 
150V 

15A 


30A 


200A 


-55°C to +175°C 


200V 

200V 

200V 
15A 


30A 


200A 


-55°C to +175°C 


File Number 


MUR3010PT, MUR3015PT, MUR3020PT, RURH1510CC, RURH1515CC, RURH1520CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
TEST MUR3010PT, RURH1510CC | MUR3015PT, RURH1515CC | MUR3020PT, RURH1520CC 
CONDITION 


I = 15A 
To = +150°C 


lp = 15A 
To Le +25°C 


Vp = 100V 


SYMBOL 


-_ 
me) 


+ 
Uv 


i 
Ra: 

© 

00 

a 


fo) 


id) 


—_ 
or) alo 


ro) o) 
oo 
se) 
oO 
= ol w 
ol oO 


& 
e) 
on 


ye) 
(oe) 


see Fig. 7, 8 
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a 
a 
— 
ae Hee 
Cf 
a 
= 
Te 
8 
— 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ixy to projected zero crossing of |pyy based on a straight line from peak Ipy through 25% of Ipxjy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
DUAL DIODES 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,-/dt — 
L, = SELF INDUCTANCE OF Ry, t - — 
+LLoop ty>0 
+V; ba) , ta(MIN) 
R 10 
0 4 

i] i i 
1 itr 
~<a} II 
peor 
rout 
1ou 


FIGURE 1. tan TEST CIRCUIT 


VRM (REC) - — — — — 


FIGURE 2. DEFINITIONS OF trp, ta AND tg 
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MUR3010PT, MUR3015PT, MUR3020PT, RURH1510CC, RURH1515CC, RURH1520CC 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 
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FIGURE 5. TYPICAL tar, tg AND ts CURVES vs FORWARD 
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FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 
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180 
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12 
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IF(avG)» AVERAGE CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
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CURRENT 
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Vop 
7 13002 
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F Irs 
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- CURRENT 
1300 . SENSE 
Vop 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I. peak = 1A, L = 40mH, R <0.1W, Egy, = 1/2LI? [Vayi/(Vavi - Vpp)] 
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MUR3040PT, RURH1540CC, 
tt MARIS MUR3O50PT, RURH1550CC, 
MUR3O60PT, RURH1560CC 


April 1995 15A, 400V - 600V Ultrafast Dual Diodes 


Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-218AC 
(tap < 55ns) 
¢ +175°C Rated Junction Temperature 
e Reverse Voltage Up to 600V ANODE1 


e Avalanche Energy Rated CATHODE 
CATHODE ANODE2 
(FLANGE) j 


Applications 

¢ Switching Power Supply 
¢ Power Switching Circuits 
e General Purpose 


Description 


MUR3040PT, MURS3O50PT, MUR3060PT and RURH1540CC, 
RURH1550CC, RURH1560CC are ultrafast dual diodes 
(tap < 55ns) with soft recovery charactenstics. They have a low 
forward voltage drop and are of planar, silicon nitride passivated, 
ion-implanted, epitaxial constructiodn. 


These devices are intended for use as energy steering/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristics minimizes 
ringing and electrical noise in many power switching circuits thus 
reducing power loss in the switching transistor. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings  T, = +25°C, Unless Otherwise Specified 


MUR3040PT MUR3050PT MUR3060PT 
RURH1540CC RURH1550CC RURH1560CC 


Peak Repetitive Reverse Voltage 400V 500V 600V 
Working Peak Reverse Voltage 400V 500V 600V 
DC Blocking Voltage 400V 500V 600V 


Average Rectified Forward Current 15A 15A 
(Total device forward current at rated Vp and To = +150°C) 

Peak Forward Repetitive Current 42 30A 
(Rated Vp, square wave 20kHz) 

Nonrepetitive Peak Surge Current 200A 200A 
(Surge applied at rated load condition halfwave 1phase 60Hz) 

Operating and Storage Temperature -55°C to+175°C }3=—_ -55°C to +175°C )~— -55°C to +175°C 


Copyright © Harris Corporation 1995 File Number 2774.3 
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MUR3040PT, MUR3050PT, MUR3060PT, RURH1540CC, RURH1550CC, RURH1560CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
TEST 
SYMBOL CONDITION TY 
VF 


~ 
= 
N 
oO 


= 
i) 
ol 


= 
> 


on 


~“J 
N 


on on 


DEFINITIONS 
V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
lk = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipaq through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS Ir V3 
V2 AMPLITUDE CONTROLS dip/dt _— 
L, = SELF INDUCTANCE OF R, 1 ' 7 ‘A(MAX) 
* LLoop Q ts > . 
1 
+Vy — el g _ 
0 i 1 it : 


VRM(REC) - — - — — 
FIGURE 1. tap TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tg 
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MUR3040PT, MUR3050PT, MUR3060PT, RURH1540CC, RURH1550CC, RURH1560CC 
Typical Performance Curves 
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FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
CURRENT TEMPERATURE 
Imax = 1A 
L =40mH 
R <0.12 


Eva - 1/2 LI? [Vavi/Vavi -Vpp)] 
Q1 AND Q2 ARE 1000V MOSFETS 


Q; t R +¢ 

Vop 
; 130Q 
y I| DUT 
Q2 
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130Q = SENSE 

Vpop 
| “4 
12V to ty ta i— 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. CURRENT VOLTAGE WAVEFORM 
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HARRIS RURG1510CC, 
vewreonouere® RURG1I515CC, RURG1520CC 


April 1995 15A, 100V - 200V Ultrafast Dual Diodes 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE TO-247 


¢ Operating Temperature ANODE 1 
CATHODE 
e Reverse Voltage Up to CATHODE ANODE 2 


e Avalanche Energy Rated (BOTTOM SIDE 


e Planar Construction 


Applications 


e Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURG1510CC, RURG1515CC and RURG1520CC 
(TA9926) are ultrafast dual diodes with soft recovery charac- 
teristics (tap < 30ns). They have low forward voltage drop 
and are silicon nitride passivated ion-implanted epitaxial pla- 
nar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteristic 
minimizes ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [ PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C 
RURG1510CC RURG1515CC RURG1520CC UNITS 

Peak Repetitive Reverse Voltage 100 150 V 
Working Peak Reverse Voltage 100 150 V 
DC Blocking Voltage 100 150 V 
Average Rectified Forward Current (Per Leg) 15 15 A 

(To = +145°C) 
Repetitive Peak Surge Current 30 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 200 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy 20 

(L = 40mH) 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3551.2 
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Specifications RURG1510CC, RURG1515CC, RURG1520CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST 
CONDITION 


Va=100V |To=+150°C 
Va=150V | To =+150°C 


ie) 
oO 


=" 
io) 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lm = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipyy to projected zero crossing of Ipxy based on a straight line from peak Ipay through 25% of Ipnyy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
DUAL DIODES 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Ra + Loop Ry ty 2 Sta(max) 
t)>tkr 
ty >0 


“TL ms ta(MIN) 
R, 10 
0 i] t tt 
| itp he 
eet 
14 ; 1 
a. 
14! 
| jim ty 
I 1 ol 
0 14 


Vam - ~~ - 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG1510CC, RURG1515CC, RURG1520CC 
Typical Performance Curves 
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R <0.10 
Eave = 1/2L? [Vavi/(Vavi - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 
L R 
Q, Pe 
Vop 
1302 
F ; ] DUT 
iS 
4— CURRENT 
1302 t SENSE 
Vpop 
| es 
ed ty ty to t _—_——S 
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] HARRIS RURG1540CC, 
ewreonve’e®  RURG1550CC, RURG1560CC 


15A, 400V - 600V Ultrafast Dual Diodes 


April 1995 


Features Package 


e Ultrafast with Soft Recovery JEDEC STYLE TO-247 

e Operating Temperature ANODE 1 
CATHODE 

e Reverse Voltage Up to CATHODE ANODE 2 

e Avalanche Energy Rated 


e Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURG1540CC, RURG1550CC and RURG1560CC 
(TA9905) are ultrafast dual diodes with soft recovery char- 
acteristics (tan < 55ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epi- 
taxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteristic 
minimize ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURG1540CC TO-247 RURG1540C 


ULTRAFAST 
DUAL DIODES 


RURG1550CC TO-247 RURG1550C 
RURG1560CC RURG1560C 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,.=+25°C 


RURG1540CC RURG1550CC RURG1560CC 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 
Average Rectified Forward Current (Per Leg) 
(To = +145°C) 
Repetitive Peak Surge Current 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy 
(L = 40mh) 
Operating and Storage Temperature 


Copyright © Harris Corporation 1995 
6-21 


400V 

400V 

400V 
15A 


30A 
200A 


100W 
20mj 


-65°C to +175°C 


500V 

500V 

500V 
15A 


30A 
200A 


100W 
20mj 


-65°C to +175°C 


600V 

600V 

600V 
15A 


30A 
200A 


100W 
20mj 


-65°C to +175°C 


File Number 


Specifications RURG1540CC, RURG1550CC, RURG1560CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


RURG1540CC LIMITS RURG1550CC LIMITS RURG1560CC LIMITS 
SYMBOL 
p= 158 = 15A To= +150°C 


Sand Rid Ed 8 a hd SB UNITS 
ain 400V 
Vr = 500V 
Vp = 600V 


TEST 
CONDITION 


lp = 15A 


_ 
i) 


VR=400V |Top =+150°C 


VR=500V |To=+150°C 


Va=600V |Top =+150°C 


le = 1A, di/dt = 100A/is 


lz = 15A, dig/dt = 100A/us 


pty Ip = 15A, dig/dt = 100A/us 
a Ip = 15A, dig/dt = 100A/us es 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of Ipx4 based on a straight line from peak Ixy through 25% of Ina (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay, = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 


V2 AMPLITUDE CONTROLS di,-/dt R mee 
L, = SELF INDUCTANCE OF Ry, 1 ty 7 "oiled 
+Lioop t>0 
+Vy hy ~ ‘A(MIN) 
0 J a 
' i] it 
1 Site ne 
~<a} II 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tan WAVEFORMS AND DEFINITIONS 
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RURG1540CC, RURG1550CC, RURG1560CC 


Typical Performance Curves 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 


FORMS 
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HARRIS RURG1570CC, RURG1580CC, 
voen""*“ RURG1590CC, RURG15100CC 


April 1995 15A, 700V - 1000V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery................ <100ns JEDEC STYLE TO-247 


a4 75°C ANODE 1 
CATHODE 
ANODE 2 


e Operating Temperature................005- 


CATHODE 
(BOTTOM SIDE 


e Avalanche Energy Rated METAL) 


e Planar Construction 


Applications 


e Reverse Voltage Up to............... cece eee 1000V 


e Switching Power Supplies 
¢ Power Switching Circuits Symbol 


e General Purpose 


Description 

RURG1570CC, RURG1580CC, RURG1590CC and 
RUR15100CC are ultrafast dual diodes with soft recovery 
characteristics (tara < 100ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epitax- 


ial planar construction. Al A2 


These devices are intended for use as freewheel/clamping 
diode and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteris- 
tic minimizes ringing and electrical noise in many power 
switching circuits reducing power loss in the switching tran- 
sistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURG1570CC RURG1580CC RURG1590CC RURG15100CC 


Peak Repetitive Reverse Voltage...................005- VaRM 700V 800V 900V 1000V 
Working Peak Reverse Voltage .............. cece ee eees Vrwno 700V 800V 900V 1000V 
DC BIOGnING VONEGO. can ccs eucinceenacecnce svemneeee ous Vr 700V 800V 900V 1000V 
Average Rectified Forward Current (PerLeg)............. lE(AV) 15A 15A 15A 15A 
(Total device forward current at rated Vp and To = +150°C) 
Peak Forward Repetitive Current................ eee ewes l-RM 30A 30A 30A 30A 
(Rated Vp, square wave 20kHZ) 
Nonrepetitive Peak Surge Current................0 0 eae lESm 200A 200A 200A 200A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 
Maximum Power Dissipation .................. 000 c eee eee Pp 100W 100W 100W 100W 
Operating and Storage Temperature.................. Tstq Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 
Copyright © Harris Corporation 1995 File Number 2933.2 
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Specifications RURG1570CC, RURG1580CC, RURG1590CC, RURG15100CC 


Electrical Specifications 1, =+25°C, Unless Otherwise Specified. 


LIMITS 


= — RURG1570CC RURG1590CC RURG15100CC 
SYMBOL | CONDITION UNITS 
Ve: lp =15A 

To = +150°C 
_ : 2 

To = +25°C 
To = +150°C 
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ro} — att — aa pa 4 Oo 
. MP} © [a | oO 
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Ol wo 
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DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
Il; = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tp. 
ta = Time to reach peak reverse current at dl-/dt = 100A/us (See Figure 2). 
ts = Time from peak Ipy to projected zero crossing of py based on a straight line from peak Ipyy through 25% of In (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di,/dt 


L;=SELFINDUCTANCEOFR, "1 " 2 PEA(MAX) 
+Ltoop 2> RR 
Q; ts > 0 
ao Ly. taaminy 
R, 10 
0 1 1 it 
| ihre 
<4 I 
peor 
| Io 
| Io 
l I ou 
6 i it 
VU 


FIGURE 1. tana TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tg 
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ULTRAFAST 
DUAL DIODES 


RURG1570CC, RURG1580CC, RURG1590CC, RURG15100CC 


Typical Performance Curves 


100 


10 


Ie, FORWARD CURRENT (A) 


0.5 1.0 1.5 
Vr, FORWARD VOLTAGE DROP (V) 


FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 


200 


150 


100 


t, RECOVERY TIMES (ns) 


iz, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT 


Q; R +C 
Vop 
a 1300 
y | DUT 
iv 
4+- CURRENT 
1302 “4 SENSE 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


lg, REVERSE CURRENT (1A) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 


Ir(avg), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 
TEMPERATURE 


ty 


ty | i oe 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I, peak = 1A, L= 40mH, R< 0.1Q, EaVL = (75) Li7TVavel(Vavi - Vpp)] 
Q1 AND Q2 ARE 1000V MOSFETs 
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HARRIS RURG15120CC 


aD 


April 1995 15A, 1200V Ultrafast Dual Diode 
Features Package 
e Ultrafast with Soft Recovery................ <100ns JEDEC STYLE TO-247 
® i fe) 
Operating Temperature...............20005 +175°C ANODE 2 
® REVEISS VORAGG. .ccscicscteseevarswvevenens 1200V CATHODE eee 
e Avalanche Energy Rated (BOTTOM SIDE 


Planar Construction 


Applications 
¢ Switching Power Supplies 


¢ Power Switching Circuits 
¢ General Purpose Symbol 


Description . 


The RURG15120CC (TA49097) are ultrafast dual diodes 
with soft recovery characteristics (tap < 100ns). They have 
low forward voltage drop and are silicon nitride passivated 
ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- At A2 
ing diodes and rectifiers in a variety of switching power sup- 

plies and other power switching applications. Their low 

stored charge and ultrafast soft recovery minimize ringing 

and electrical noise in many power switching circuits reduc- 

ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RURG15120CC URG15120C 


NOTE: When ordering, use the entire part number. 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings (per leg) Tc = +25°C, Unless Otherwise Specified 


RURG15120CC UNITS 
Peak Repetitive Reverse Voiags......sccccccccccinaeieases ede cusuvnsovecaanns VrRM 1200 V 
Working Peak Reverse Voltage «2 .ccccieenicecsisnroveteeniseras wie eneae ne VRwM 1200 V 
DG BIOGKING VONAGE. 66 iccccek visi vaee tea sizceseees seni nbeicwesenioneiesaeess VR 1200 V 
Average Rectified Forward Current .....6.ccc:snactsnceeecssw rs nese eer saben s wn lF(AV) 15 A 
(To = +140°C) 
Repatitive Peak Suge CWE. occ cca sseencsensaer is ea eee nees ene eeweeeew ane lesm 30 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Curent... 2c ccs accccsececesaciweeseeate eee b anaes cn lEsm 200 A 
(Halfwave, 1 phase, 60Hz) 
Maximum Power DISGUSNGN 2s secec dice ere aseensa vce ae eee ieee Ose Eee Oe HES Hee Pp 100 W 
Avalanche Energy (L =] 40M) san cctcica ace ence sae deed ecw bea weawe Rie Raw Oes E avi 20 mj 
Operating and Storage Temperature ............ ccc ccc eee eens Tstq@ Ty -65 to +175 " 
Copyright © Harris Corporation 1995 File Number 3695.1 


Specifications RURG15120CC 


Electrical Specifications (per leg) Tc = +25°C, Unless Otherwise Specified 


TEST CONDITION 


Vr = 1200V, To = +25°C 


Ve = 1200V, To = +150°C 
I; = 1A, di/dt = 100A/us 


Ie = 15A, dig/dt = 100A/us 


I; = 15A, di-/dt = 100A/us 
Ip = 15A, dig/dt = 100A/us 


I; = 15A, die/dt = 100A/us 


= 10V, Ip = 0A 


DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, +V3 
V2 AMPLITUDE CONTROLS di-/dt a te>5t 
L; = SELF INDUCTANCE OF 1 ne a : A(MAX) 
Ry + Lioop is . 
+V; bs ‘ ta(MIN) 
0 ! 1 im} 
| 2k 
ws 
peoyon 
| Iu 
| iow 
iow 
6 ' it 
“Vo 
FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG15120CC 


Typical Performance Curves 


100 OG eee ” 
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Ve, FORWARD VOLTAGE (V) Vp, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
To = 425°C Tc = +100°C 
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= 75 = 
a al . 100 
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S50 | tere aa > 
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FIGURE 5. TYPICAL tar, t, AND tg CURVES vs FORWARD FIGURE 6. TYPICAL tgp, t, AND tg CURVES vs FORWARD 
CURRENT AT +25°C CURRENT AT +100°C 
To = +175°C 
250 - 
< 
z 
= 200 ia 
o Fs} 
S 150 e 
- < 
se = 
x o 
= 0 
O ro} 
Ww <x 
“ i 
= 50 
< 
z 
0 as 
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ip, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL trp, tg AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT AT +175°C 
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RURG15120CC 


Typical Performance Curves (Continued) 


C , JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 

L = 40mH 

R<0.10 

Eavi = 1/2LI? (Vavi/(Vavi - Yoo) 
Q, AND Q, ARE 1000V MOSFETs 


Q “ R 4¢ 
Vop 
ij 1302 
f | = DUT 
nt 12V . 
“ CURRENT 
1302 t SENSE 
Vop 
| «= @© 
12V 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 


FORMS 
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| HARRIS RURG3010CC, 
esconoue’® RURG3015CC, RURG3020CC 


April 1995 30A, 100V - 200V Ultrafast Dual Diodes 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE TO-247 
Operating Temperature ANODE 1 
CATHODE 
Reverse Voltage Up to CATHODE ANODE 2 
Avalanche Energy Rated 


Planar Construction 


Applications 
e Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RURG3010CC, RURG3015CC and RURG3020CC 
(TA9645) are ultrafast dual diodes with soft recovery char- 
acteristics (tan < 45ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epi- 
taxial planar construction. 


These devices are intended for use as freewheeling/clamping 


diodes and rectifiers in a variety of switching power supplies ” us 
and other power switching applications. Their low stored < ro) 
charge and ultrafast recovery with soft recovery characteristic tio 
minimizes ringing and electrical noise in many power switching = sail 
circuits reducing power loss in the switching transistors. = = 

Qa 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURG3010CC TO-247 RURG3010C 


RURG3015CC TO-247 RURG3015C 
RURG3020CC RURG3020C 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings TT, = +25°C 


RURG3010CC RURG3015CC RURG3020CC UNITS 

Peak Repetitive Reverse Voltage 100 150 200 V 
Working Peak Reverse Voltage 100 150 200 V 
DC Blocking Voltage 100 150 200 V 
Average Rectified Forward Current (Per Leg) 30 30 30 A 

(To = +145°C) 
Repetitive Peak Surge Current 70 70 70 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 325 325 325 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy 20 20 20 

(L = 40mH) 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3552.2 
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Specifications RURG3010CC, RURG3015CC, RURG3020CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


RURG3010CC LIMITS RURG3015CC LIMITS RURG3020CC LIMITS 
TEST 
conrion [wm [ ve [wor | wm [rer [wx | ww [rv [ wax | ns 
= et ee 


Ic = 30A, dig/dt = 100A/us 
I; = 30A, di-/dt = 100A/us 
lz = 30A, di-/dt = 100A/us 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx4 based on a straight line from peak Ipny through 25% of Ipiy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


= | 
a} o 
—_ 
on 


V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF 


Ry + Lioop R, 


t; 2 Sta(MAXx) 
> trr 


+V; -_ 
oJ L 
i] ' im) 
| itl he 
wee} ly 
| ty ! 1 
| 
| 1 |! 
1! 
1 [2 I~ ty 
0 ' 


Yau - == = 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tag WAVEFORMS AND DEFINITIONS 
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RURG3010CC, RURG3015CC, RURG3020CC 


Typical Performance Curves 


FORWARD CURRENT (Ie) - AMPS 


VDLTS veneee 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


0.3 0. 0.9 
FORWARD VOLTAGE (Vp) - 


40 


30 


- ns 


TIME <2) 


REVERSE CURRENT (Ip) - uAMPS 


IRTROB45 


FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


REVERSE VOLTABE (Vp) - VOLTS 


- AMPS 


- (Ie cAV)) 


RVERAGE FORWARD CURRENT 


ein 
”0mO 
0 = 2) 
| 130 140 150 160 ‘. 170 180 Ps - 
FORWARD CURRENT (Ip) - AMPS CASE TEMPERATURE - (Tp) = “E£ 5 = a 
FIGURE 5. TYPICAL tar, tg AND tgs CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES = = 
CURRENT 
IMAX =1A 
L =40mH 
R <0.12 
Eavi = 1/2LP [VaviVavi - Yop)! 
Q, AND Q, ARE 1000V MOSFETs 4 
Q, R +C 
Vpp 
1302 
F i 1 - DUT 
2 
12V 
4— CURRENT 
1302 t. SENSE 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


ty 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


to i e 
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7 HARRIS RURG3040CC, 
oo"*"*“~ RURG3050CC, RURG3060CC 


April 1995 30A, 400V - 600V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery................. <55ns JEDEC STYLE TO-247 
¢ Operating Temperature................0005 +175°C ANODE 1 


CATHODE 
ANODE 2 


* Reverse Voltage Up to... ..usssccsewecus denen 600V CATHODE 
(BOTTOM SIDE 


wna) 9 


¢ Planar Construction 


Applications 


¢ Avalanche Energy Rated 


¢ Switching Power Supplies 
e Power Switching Circuits Symbol 


¢ General Purpose 


Description 


RURG3040CC, RURG3050CC and RURG3060CC 
(TA9903) are ultrafast dual diodes with soft recovery char- 
acteristics (tan < 55ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epi- 
taxial planar construction. Al A2 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and ultrafast recovery with soft recovery characteristic 
minimize ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [ PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings § T,. = +25°C 
RURG3040CC RURG3050CC RURG3060CC UNITS 


Peak Repetitive Reverse Voltage. ............. 0... cee eee eee VrrRM 400 500 600 V 
Working Peak Reverse Voltage ...............0c cues ee eee V murs 400 500 600 Vv | 
DAS BisGhits VONAGE, 2k o5546 ohivensee arenes bene ewes bevew ns Vr 400 500 600 V 
Average Rectified Forward Current (Per Leg) ................ lE(AV) 30 30 30 A 
(To = +130°C) 
Repetitive Peak Surge Current.............. 0. cece eee eee lESm 70 70 70 A 
(Square Wave, 20kHz) 
Nonrepelitive Peak Surge Current... ...ccsessccscwusweniaws lesm 325 325 325 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ........... 0.0... eee eee eee eee Pp 125 125 125 W 
Pierre GNSIGY «bande wcads ofavcescarwaces Fav bass ona we EaVL 20 20 20 mj 
(L = 40mH) 
Operating and Storage Temperature .................... Tsta, Ty -65 to +175 -65 to +175 -65 to +175 °C 
Copyright © Harris Corporation 1995 File Number 3549.2 
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Specifications RURG3040CC, RURG3050CC, RURG3060CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST 
SYMBOL CONDITION 
VF 


VR=400V |Top =+150°C 


To = +1 50°C 


Ip = 1A, die/dt = 100A/is 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy, based on a straight line from peak Ip through 25% of Inn (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Easy = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ULTRAFAST 
DUAL DIODES 


V, AMPLITUDE CONTROLS I, 

V2 AMPLITUDE CONTROLS di,/dt 

L, = SELF INDUCTANCE OF +V3 
Ry + Lioop 


Vem - - ~ - 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG3040CC, RURG3050CC, RURG3060CC 


Typical Performance Curves 


Ir, FORWARD CURRENT (A) 


0 0.5 1 1.5 2 2.5 


Ve, FORWARD VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 
w 
o 


a a 
1 1 3 


0 
Ir, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT 


10 


0 
0 


IMAX =1A 
L = 40mH 
R<0.10 
Eqvi = 1/2LP [Vayi/(Vav - Von) 
Q, AND Q, ARE 1000V MOSFETs 


Q, LORE wd 
Vpp 
1302 
F : ] DUT 
Q 
12V . 
4— CURRENT 
1302 t SENSE 
Vop 
aa 
12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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In, REVERSE CURRENT (yA) 


0 100 200 300 400 500 600 
Vp, REVERSE VOLTAGE (V) 
FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


IF(av)» AVERAGE FORWARD CURRENT (A) 


100 120 140 160 180 
Tc, CASE TEMPERATURE (°C) 


FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


ty ty ty t > 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


MM HARRIS RURG3070CC, RURG3080CC, 
semiconDUCTON PI IPG3NQQCC, RURG30100CC 


April 1995 30A, 700V - 1000V Ultrafast Dual Diodes 
Features Package 
¢ Ultrafast with Soft Recovery................ <110ns JEDEC STYLE TO-247 
e Operating Temperature............. 02 e eee +175°C 
ANODE 1 
e Reverse Voltage Up to.............ec eee eens 1000V CATHODE 
CATHODE ANODE 2 
e Avalanche Energy Rated (BOTTOM SIDE 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose Symbol 


Description 


RURG3070CC, RURG3080CC, RURG3090CC and 
RURG30100CC are ultrafast dual diodes with soft recovery 
characteristics (tar < 110ns). They have low forward voltage 
drop and are silicon nitride passivated ion-implanted epitaxial 
planar construction. 


These devices are intended for use as freewheel/clamping Al A2 
diode and rectifiers in a variety of switching power supplies 

and other power switching applications. Their low stored 

charge and ultrafast recovery with soft recovery characteristic 

minimizes ringing and electrical noise in many power switch- 

ing circuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURG3070CC RURG3080CC RURG3090CC RURG30100CC UNITS 


Peak Repetitive Reverse Voltage....................0.. Varo 700 800 900 1000 V 

Working Peak Reverse Voltage ...............0 0s eee Vrwem 700 800 900 1000 V 

DE Blocking VONAGE... acsccoxscscakusnedvantvatnnedvnes Vr 700 800 900 1000 V 

Average Rectified Forward Current (Per Leg) ............. lF(Av) 30 30 30 30 A 
(To = +117°C) 

Repetitive Peak Surge Current............... 0c eee eee leon 60 60 60 60 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current..................0005- lEsm 300 300 300 300 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power DISSIDAUON .......0.<s6s00eesveceseanees Pp 125 125 125 125 W 

Operating and Storage Temperature.................. Tstg, Ty -65to+175 -65to+175 -65to+175 -65to+175 a: & 

Copyright © Harris Corporation 1995 File Number 2935.2 
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Specifications RURG3070CC, RURG3080CC, RURG3090CC, RURG30100CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 
TEST 
SYMBOL CONDITION 


Ve lp = 30A : 
To = +150°C 
I; = 30A 
To = +25°C 
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DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300pus, D = 2%). 
lp = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), at di¢/dt = 100A/us summation of ta + tg. 
ta = Time to reach peak reverse current at dl-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ipyy through 25% of Ipaq (See Figure 2). 
Rejc = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V2 AMPLITUDE CONTROLS di,/dt 


L,=SELFINDUCTANCEOFR, 1 hy Sta(uax) 
+ Lioop : > TAR 
+V; Ly — taminy 
' | R, 10 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG3070CC, RURG3080CC, RURG3090CC, RURG30100CC 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 


R<0.12 L = 40mH Imax = 1A 
Eave = 1/2LI? [Vavi/(Vavi - Vop)] 


Qs & Q, ARE 1000V MOSFETS q_ L R A 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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gharRis RURG30120CC 


April 1995 30A, 1200V Ultrafast Dual Diode 


Features Package 
e Ultrafast with Soft Recovery JEDEC STYLE TO-247 


e Operating Temperature ANODE 1 


CATHODE 


e Reverse Voltage CATHODE ANODE 2 


e Avalanche Energy Rated (BOTTOM SIDE 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Description 


The RURG30120CC (49031) is an ultrafast dual diode with soft 
recovery characteristic (tar < 110ns). It has low forward voltage 
drop and is silicon nitride passivated ion-implanted epitaxial planar 
construction. 


This device is intended for use as a freewheeling/clamping diode 
and rectifier in a variety of switching power supplies and other 
power switching applications. Its low stored charge and ultrafast 
recovery with soft recovery characteristic minimize ringing and 
electrical noise in many power switching circuits, reducing power 
loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURG30120CC TO-247 URG30120C 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


RURG30120CC UNITS 
Peak Repetitive Reverse Voltage 1200 V 
Working Peak Reverse Voltage 1200 V 
DC Blocking Voltage 1200 V 
Average Rectified Forward Current (Per Leg) A 
(To = +110°C) 


Repetitive Peak Surge Current 
(Square Wave, 20kKHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (L = 40mH) 
Operating and Storage Temperature -65 to +175 


Copyright © Harris Corporation 1995 File Number 3400.2 
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Specifications RURG30120CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


TEST CONDITION 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
ts = Time from peak Ipy to projected zero crossing Of Ipxy based on a straight line from peak Ipiy through 25% of Ipy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF R, 


+Lioop 


Ry 


ULTRAFAST 
DUAL DIODES 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURG30120CC 


Typical Performance Curves 


- AMPS 
- uRMPS 


FORWARD CURRENT (Ip) 
REVERSE CURRENT (Ip) 


0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.6 0 200 400 600 800 1000 1200 
FORWARD VOLTAGE (Vp) - VOLTS REVERSE VOLTAGE (Vp) - VOLTS 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 


- RAMPS 


(Ie CAV) 


10 > 00 125 50 
FDRWARD CURRENT (If) - AMPS CASE TEMPERATURE - (Tr) - > 
FIGURE 5. TYPICAL trp, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX = 1A 
L = 40mH 
R<0.10 


Eqvi = 1/2LI? [Vavi/(Vave - Vpp)] 
Q, & Q, ARE 1000V MOSFETs 


Q, R +O 
Vop 
1300 
' DUT 
y | Q 
12V 2 
“ CURRENT 
130Q \ SENSE 
Vop 
| - 
12V 
FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 
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HARRIS RURH1570CC, RURH1580CC, 
memee®"***"" RURH1590CC, RURH15100CC 


April 1995 15A, 700V - 1000V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery................ <100ns JEDEC TO-218AC 
¢ Operating Temperature.................05. +175°C 
e Reverse Voltage Up to............ccceeeeees 1000V mane 


CATHODE 
ANODE2 


¢ Avalanche Energy Rated CATHODE 


e Planar Construction (FLANGE) 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 
e General Purpose 

Symbol 
Description 
RURH1570CC, RURH1580CC, RURH1590CC and 
RURH15100CC are ultrafast dual diodes with soft recovery 
characteristics (tar < 100ns). They have low forward voltage 


drop and are silicon nitride passivated ion-implanted epitax- 
ial planar construction. 


These devices are intended for use as freewheel/clamping Al A2 
diode and rectifiers in a variety of switching power supplies 

and other power switching applications. Their low stored 

charge and ultrafast recovery with soft recovery characteris- 

tic minimizes ringing and electrical noise in many power 

switching circuits reducing power loss in the switching tran- 

sistors. 


ULTRAFAST 
DUAL DIODES 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings 1, = +25°C, Unless Otherwise Specified 
RURH1570CC RURH1580CC RURH1590CC RURH15100CC 


Peak Repetitive Reverse Voltage..................-.05. VeRM 700V 800V 900V 1000V 
Working Peak Reverse Voltage ............ 00. c eee eee Vrawem 700V 800V 900V 1000V 
GO BIGCKNG VOUBOG. ons rseenee son Gude ese oneeeed ware ee Vr 700V 800V 900V 1000V 
Average Rectified Forward Current (PerLeg) ............. lE(av) 15A 15A 15A 15A 
(To = +141.25°C) 
Repetitive Peak Surge Current............. 0... eee ee eee lcRM 30A 30A 30A 30A 
(Square Wave 20kHz) 
Nonrepetitive Peak Surge Current..................0000- lESm 200A 200A 200A 200A 
(Halfwave, 1 phase 60Hz) 
Maximum POWs DISSIPAUON «kac vnc eecde sede nee enw ews as es Pp 100W 100W 100W 100W 
Operating and Storage Temperature.................. Tstq Ty -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 
Copyright © Harris Corporation 1995 File Number 2934.2 
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Specifications RURH1570CC, RURH1580CC, RURH1590CC, RURH15100CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 


RURH1570CC RURH1580CC RURH1590CC RURH15100CC 


TEST 
SYMBOL | CONDITION 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tap = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ix, based on a straight line from peak Ipyy through 25% of Ina, (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I +V3 

V2 AMPLITUDE CONTROLS dif/dt —" 

L, = SELF INDUCTANCE OF R, 1 t “4 A(MAX) 
+Lioop aa . 


+V; ty. tain) 
| | R 10 
0 ' i] i , 
| mitre 
sy! 
toon 
botout 
borou 
| i | ty 
boob ou 
6 i] vt 
wu 
VRM (REC) - - — — — 
FIGURE 1. tag TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tg 
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RURH1570CC, RURH1580CC, RURH1590CC, RURH15100CC 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 
CHARACTERISTIC 


t, RECOVERY TIMES (ns) 


lz, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tpr, tg AND tg CURVES vs FORWARD 
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Ip, REVERSE CURRENT (1A) 
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Va, REVERSE VOLTAGE (V) 


FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 


Ir(avey» AVERAGE FORWARD CURRENT (A) 


ULTRAFAST 
DUAL DIODES 


Tc, CASE TEMPERATURE (°C) 
FIGURE 6. TYPICAL CURRENT DERATING CURVE vs CASE 


CURRENT TEMPERATURE 
Q; i R +O 
Vop 
c 130Q 
DUT 
y | | Q 
12V 2 
CURRENT 
130Q ™ SENSE 
Vop 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


t— 


to ty to 


FIGURE 8. CURRENT VOLTAGE WAVEFORM 


I_peak = 1A, L= 40mH, R < 0.1Q, Eavi = ("/a) Li7TVayi(Vave - Vpp)] 
Q1 AND Q2 ARE 1000V MOSFETs 


m HARRIS RURH3010CC, 
o"""*“~ RURH3015CC, RURH3020CC 


April 1995 30A, 100V - 200V Ultrafast Dual Diodes 


Features Package 


e Ultrafast with Soft Recovery Characteristic JEDEC TO-218AC 


(tar < 45ns) 
ANODE1 


¢ +175°C Rated Junction Temperature 


e Reverse Voltage Up to 200V CATHODE 
(FLANGE) 


e Avalanche Energy Rated 


Applications 


¢ Switching Power Supply 
¢ Power Switching Circuits 


e General Purpose 


Description 


RURH3010CC, RURH3015CC, RURH3020CC are ultrafast 
dual diodes (tar < 45ns) with soft recovery characteristics. 
They have a low forward voltage drop and are of planar, sili- 
con nitride passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings = T, = +25°C, Unless Otherwise Specified 

RURH3010CC RURH3015CC RURH3020CC 
Peak Repetitive Reverse Voltage 100V 150V 200V 
Working Peak Reverse Voltage 100V 150V 200V 
DC Blocking Voltage 100V 150V 200V 


Average Rectified Forward Current (Per Leg) 30A 30A 30A 
(Total device forward current at rated Vp and To = +150°C) 


Peak Forward Repetitive Current 70A 70A 70A 
(Rated Vp, Square Wave 20kHz) 


Nonrepetitive Peak Surge Current 325A 325A 325A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 


Operating and Storage Temperature -55°C to+175°C = -55°C to +175°C ~3—s -55°C to +175°C 


Copyright © Harris Corporation 1995 File Number 2773.3 
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Specifications RURH3010CC, RURH3015CC, RURH3020CC 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 


RURH3010CC 
TYP 


TEST 
CONDITION 


SYMBOL TYP 


RURH3020CC 
TYP | MAX — UNITS 


Ve lp = 30A 0.85 0.85 
To oS +150°C 
Ie = 30A 1.00 1.00 
To = +25°C 

Ip at Vr = 100V 1.00 
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le = 30A 
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l- = 30A 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tarp = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of ta + tp. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
ta = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipyy through 25% of Ip (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/dt R — 
L, = SELF INDUCTANCE OF Rg 1 Hs . : A(MAX) 
+ Loop ts — 
+V; —_ ba ‘ ta(miN) 
0 i] 1 | ms i 
| @ibre 
a 
poop 
ion 
| iow 
1ou 
6 1 ii 
-V2 
VRM (REC) - — — — — 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF tap, ta AND tg 
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ULTRAFAST 
DUAL DIODES 


RURH3010CC, RURH3015CC, RURH3020CC 


Typical Performance Curves 
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FIGURE 3. FORWARD VOLTAGE vs FORWARD CURRENT 


CHARACTERISTIC 


t, RECOVERY TIMES (ns) 


lr, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, t, AND tg CURVES vs FORWARD 


CURRENT 
thaax = 1A 
L = 40 mH 
R <0.10 
Eave = 1/2 LI? [Vavi(Vavi -Vp)] 
Qi AND Q2 ARE 1000V MOSFETs L R 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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lg, REVERSE CURRENT (1A) 


0 50 100 150 200 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. REVERSE VOLTAGE vs REVERSE CURRENT 
CHARACTERISTIC 
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FIGURE 8. CURRENT VOLTAGE WAVEFORM 


m HARRIS RURH3S040CC, 
EMICONDUCTOR RURH3050CC, RURH3060CC 


April 1995 30A, 400V - 600V Ultrafast Dual Diodes 


Features Package 
e Ultrafast with Soft Recovery Characteristic JEDEC TO-218AC 
(tar < 55ns) 
ANODE1 
¢ +175°C Rated Junction Temperature CATHODE 


CATHODE ANODE2 
e Reverse Voltage Up to 600V (FLANGE) 


e Avalanche Energy Rated 


Applications 


e Switching Power Supply 
e Power Switching Circuits 


e General Purpose 


Description 


RURH3040CC, RURH3050CC, RURH3060CC are ultrafast 
dual diodes (tar < 55ns) with soft recovery characteristics. 
They have a low forward voltage drop and are ot planar, sili- 
con nitride passivated, ion-implanted, epitaxial construction. 


These devices are intended for use as energy steering/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast recovery with soft recovery char- 
acteristics minimizes ringing and electrical noise in many 
power switching circuits thus reducing power loss in the 
switching transistor. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RURH3040CC TO-218AC RURH3040C 


ULTRAFAST 
DUAL DIODES 


RURH3050CC TO-218AC RURH3050C 
RURH3060CC TO-218AC RURH3060C 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings 1, = +25°C, Unless Otherwise Specified 

RURH3040CC RURH3050CC RURH3060CC 
Peak Repetitive Reverse Voltage 400V 500V 600V 
Working Peak Reverse Voltage 400V 500V 600V 
DC Blocking Voltage 400V 500V 600V 


Average Rectified Forward Current (Per Leg) 30A 30A 
(Total device forward current at rated Vp and To = +150°C) 


Peak Forward Repetitive Current 70A 70A 
(Rated Vp, square wave 20kHz) 


Nonrepetitive Peak Surge Current 325A 325A 325A 
(Surge applied at rated load condition halfwave 1 phase 60Hz) 


Operating and Storage Temperature -55°C to+175°C = -55°C to +175°C 3 = -55°C to +175°C 


Copyright © Harris Corporation 1995 File Number 2772.3 
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Specifications RURH3040CC, RURH3050CC, RURH3060CC 


LIMITS 


RURH3040CC RURH3050CC RURH3060CC 
UNITS | 


YP P 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
TEST 


SYMBOL CONDITION 
Ve l- = 30A 
To = +150°C 
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To = +25°C 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time at di-/dt = 100A/us (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipxyy based on a straight line from peak Ipry through 25% of Ipny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V2 AMPLITUDE CONTROLS di,-/dt 


L;=SELFINDUCTANCEOFR, "1 : : em 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. DEFINITIONS OF trp, ta AND tg 
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Specifications RURH3040CC, RURH3050CC, RURH3060CC 


Typical Performance Curves 
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HARRIS RURH3070CC, RURH3080CC, 
vemeen®’***** RURH3090CC, RURH30100CC 


April 1995 30A, 700V - 1000V Ultrafast Dual Diodes 


Features Package 


e Ultrafast with Soft Recovery JEDEC TO-218AC 


ANODE1 

CATHODE 
CATHODE ANODE2 
(FLANGE) : 


e Operating Temperature 
e Reverse Voltage Up to 
e Avalanche Energy Rated 


e Planar Construction 


Applications 


e Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


RURH3070CC, RURH3080CC, RURH3090CC and 
RURH30100CC are ultrafast dual diodes with soft recovery charac- 
teristics (tap < 110ns). They have low forward voltage drop and are 
silicon nitride passivated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
ultrafast recovery with soft recovery characteristic minimizes ring- 
ing and electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RURH3070CC RURH3080CC RURH3090CC RURH30100CC UNITS 


Peak Repetitive Reverse Voltage 700 800 900 1000 V 
Working Peak Reverse Voltage 700 800 900 1000 V 
DC Blocking Voltage 700 800 900 1000 V 
Average Rectified Forward Current (Per Leg) 30 30 30 30 A 
(To = +121°C) 
Repetitive Peak Surge Current 60 60 60 60 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 300 300 300 300 
(Halfwave, 1 phase, 60Hz) 
Maximum Power Dissipation 125 125 125 125 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 293212 
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Specifications RURH3070CC, RURH3080CC, RURH3090CC, RURH30100CC 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 
_ — RURH3090CC RURH30100CC 
SYMBOL 
To = +25°C 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), at di-/dt = 100A/us summation of tg + tg. 
ta = Time to reach peak reverse current at di-/dt = 100A/us (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy, based on a straight line from peak Ipy through 25% of IR (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 7 and 8). 
pw = pulse width. 


D = duty cycle. 
V, AMPLITUDE CONTROLS I; +V3 
V2 AMPLITUDE CONTROLS di,/dt 4 te >5t 
L, = SELF INDUCTANCE OF Ry, 1 ‘. . P ‘A(MAX) 
+ Lioop 2 RR 
ts > 0 
+V4 ia | P ta(MIN) 
| R, 10 
0 1 1 wu 
| @Sbkrn= 
— si |! 
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1 ou 
1 ou 
i] a] | ty 
1 1 out 
6 i tt 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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DUAL DIODES 


RURH3070CC, RURH3080CC, RURH3090CC, RURH30100CC 


Typical Performance Curves 
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Imax = 1A, L = 40mH, R<0.12, Egy, = 1/2LI? [Vayi(Vave - Vpp)], Q4 & Q2 ARE 1000V MOSFETS 
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tt HARRIS AURP640CC, RURP650CC, 
SEMICONDUCTOR RURP660CC 


April 1995 6A, 400V - 600V Ultrafast Dual Diodes 
Features Package 
e Ultrafast with Soft Recovery................. <55ns JEDEC TO-220AB 
¢ Operating Temperature.................04. +175°C 
e Reverse Voltage Up To .......... 2. cc eee cence 600V ANODE 2 
CATHODE 


e Avalanche Energy Rated 


e Planar Construction rats 


ANODE 1 


Applications 

¢ Switching Power Supplies 
¢ Power Switching Circuits 
¢ General Purpose 


Description 


The RURP640CC, RURP650CC, and RURP660CC are Symbol 
ultrafast dual diodes with soft recovery characteristics (tar < 

55ns). They have low forward voltage drop and are silicon 

nitride passivated ion-implanted epitaxial planar construc- 

tion. 


These devices are intended for use as freewheeling/clamp- 

ing diodes and rectifiers in a variety of switching power sup- 

plies and other power switching applications. Their low 

stored charge and ultrafast soft recovery minimize ringing 

and electrical noise in many power switching circuits, reduc- Ay A2 
ing power loss in the switching transistors. 


PACKAGE AVAILABILITY 


NOTE: When ordering, use the entire part number. 
Formerly developmental type TA49038. 


ULTRAFAST 
DUAL DIODES 


Absolute Maximum Ratings (per leg) T, = +25°C, Unless Otherwise Specified 
RURP640CC RURP650CC RURP660CC UNITS 


Peak Repetitive Reverse Voltage... .......... 2. cee cee ewes VRRM 400 500 600 V 

Working Peak Reverse Voltage ............. 00. eee eee eee eee VRWM 400 500 600 V 

ies CROCK VONEQE +.0% te a daw ESO Ke eee eens NORS DEST ERE Hee Be Vp_ 400 500 600 V 

Average Rectified Forward Current ............. 0000s lE(av) 6 6 6 A 
(To = +155°C) 

Piepelitive Peak Surge Curent, «oo cwscseenscrenae vawewwncanes lesm 12 12 12 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current.............. 0.00.00 eee eee lEsm 60 60 60 A 
(Halfwave, 1 phase, 60Hz) 

Maximum Power DISSIPAlION . 3.0.6. .6 ns scacccnnisanietadan san ewe Pp 50 50 50 W 

Avalanche Energy (See Figures 10 and 11)..................05. Eavi 10 10 10 mJ 

Operating and Storage Temperature ..................00 00) Tstq, Ty -65 to +175 -65 to +175 -65 to +175 °C 
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Specifications RURP640CC, RURP650CC, RURP660CC 


Electrical Specifications (per leg) T, = +25°C, Unless Otherwise Specified 


LIMITS 
. 


TYP 


as ee 
mo] o 


= 500V, Tg = +25°C 
= 600V, Tg = +25°C 


= 400V, To = +150°C 
Vp = 500V, To = +150°C 
Vr = 600V, To = +150°C 


_ 
io) 
io) 


V 
V 


I: = 1A, dip/dt = 200A/us 
I: = 6A, dip/dt = 200A/us 


Ae) 


U 
oO} © 


I; = 6A, di-/dt = 200A/us 
Vp = 10V, lp = 0A 


_ 
oO 
oO 
=k 
oO 
oO 


on a 


on 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ip, through 25% of lpn, (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/ct 


L, = SELF INDUCTANCE OF +V3 
Rg + Lioop R, ty 2 Stacmax) 
t2>trr 
tg >0 
+V; ty. tain) 
: | R, 10 
| 4tg he 
eet ty 
| ty I | 
rr th 
| ! i 
| > j~= ty 
Poona 
0 ' im 
Wu 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURP640CC, RURP650CC, RURP660CC 


Typical Performance Curves 


DE 2 ¢ 7 2 
ese SES | 2 Seen Gee ee: 


Re Re oe ae eS 
a ee A) 2 ee ee 
| orc fe | | 


Se 


V-, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


ir, FORWARD CURRENT (A) 


Tc = +25°C, dip/dt = 200A/s 


t, RECOVERY TIMES (ns) 
t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


l-, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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Iz, REVERSE CURRENT (1A) 


200 300 400 
Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C, dip/dt = 200A/us 


ULTRAFAST 
DUAL DIODES 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


IF(av)y, AVERAGE FORWARD CURRENT (A) 


165 
Tc, CASE TEMPERATURE (°C) 


160 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RURP640CC, RURP650CC, RURP660CC 


Typical Performance Curves (continued) 


Cy, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 
L =40mH 
R<0.12 
Eavi = 1/2LF [VayiVave - Voo)] 
Q, AND Q, ARE 1000V MOSFETs : 
Q, R 4d 
Vpp 
1300 
E : 1 DUT 
Q2 
12V 
4. CURRENT 
1300 t. SENSE 
Vop 
aa 
12V to t; ty ( one 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 


FORMS 
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HARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 


e Ultrafast Recovery Time 


RURP810CC, 
RURP815CC, RURP8&20CC 


8A, 100V - 200V Ultrafast Dual Diodes 


Package 
JEDEC TO-220AB 


(tar < 35ns) 


e Low Forward Voltage 


CATHODE 
(FLANGE) 


Low Thermal Resistance 
Planar Design 


Wire-Bonded Construction 


Applications 
e General Purpose 
¢ Power Switching Circuits to 100kHz 


e Full-Wave Rectification 


Description 


RURP810CC, RURP815CC, RURP820CC are low forward 
voltage drop ultrafast rectifiers (tap < 35ns). They use an 
ion-implanted planar epitaxial construction. 


These devices are intended for use as output rectifiers and 
flywheel diodes in a variety of high frequency pulse width 
modulated and switching regulators. Their low stored charge 
and attendant fast reverse recovery behavior minimize elec- 
trical noise generation and in many circuits markedly reduce 
the turn-on dissipation of the associated power switching 
transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RURP810CC TO-220AB RURP810CC 


RURP815CC TO-220AB RURP815CC 
RURP820CC TO-220AB RURP820CC 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C 
RURP810CC 
Peak Repetitive Reverse Voltage 100V 


Average Rectified Forward Current (Per Leg) 
Ty = +25°C (No Heat Sink) 3A 
Ta = +25°C (With Heat Sink)+ BA 
To = +125°C BA 
Nonrepetitive Peak Surge Current 100A 
(8.3ms, '/> cycle) 


-55°C to +175°C 
260°C 


Operating and Storage Temperature 


Maximum Lead Temperature During Solder 
(At distance > 1%,” (3.17mm) from case or 10s max) 


+ Wakefield type 295 heat sink with convection cooling. 
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ANODE 1 
CATHODE 
ANODE 2 


ULTRAFAST 
DUAL DIODES 


RURP815CC RURP820CC 


200V 


3A 
BA 
8A 


100A 


-55°C to +175°C 
260°C 


-55°C to +175°C 
260°C 


File Number 1356.4 


Specifications RURP810CC, RURP815CC, RURP8&20CC 

Electrical Specifications 1, = +25°C, Unless Otherwise Specified. 
SYMBOL CONDITION TYP 
Ve 0.895 
0.975 


ao 
oO 
o 


oO 


ol 


tdlp/dt = 50A/us, lay (rec) < 1A, Ipp = 0.25A. 


Typical Performance Curves 


Iesm» PEAK SURGE (NON-REPETITIVE) 
FORWARD CURRENT (A) 


Rego, THERMAL IMPEDANCE (°C/W) 


1 100 1000 
N, NUMBER OF HALF-CYCLES IN SURGE DURATION AT 60Hz tp, PULSE WIDTH (ms) 
FIGURE 1. PEAK SURGE FORWARD CURRENT vs SURGE FIGURE 2. THERMAL IMPEDANCE vs PULSE WIDTH (PER 
DURATION JUNCTION) 


100 


on 
Fell 
-m 
wy, 
= 
a 

Ty 
oo L_LEE TY 


0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 


! 


Ir, FORWARD CURRENT (A) 


IR, REVERSE CURRENT (A) 


0 50 100 150 200 
Ve, FORWARD VOLTAGE DROP (V) Vr, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 
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RURP840CC, RURP850CC, 
Poptatr RURP860CC 


April 1995 8A, 400V - 600V Ultrafast Dual Diodes 


Features Package 

e Ultrafast with Soft Recovery JEDEC TO-220AB 
Operating Temperature ANODE 2 
Reverse Voltage Up To G2 SS ANODE 1 
Avalanche Energy Rated iv 


CATHODE 
Planar Construction (FLANGE) 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RURP840CC, RURP850CC, and RURP860CC are 
ultrafast dual diodes with soft recovery characteristics (tar < 
60ns). They have low forward voltage drop and are silicon 
nitride passivated ion-implanted epitaxial planar construc- 
tion. 


These devices are intended for use as _ freewheeling/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and ultrafast soft recovery minimize ringing 
and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RURP840CC TO-220AB RURP840C 


ULTRAFAST 
DUAL DIODES 


RURP850CC TO-220AB RURP850C 
RURP860CC TO-220AB RURP860C 


NOTE: When ordering, use the entire part number. 


Formerly developmental type TA09616. 


Absolute Maximum Ratings (per leg) Tc. = +25°C, Unless Otherwise Specified 


RURP840CC RURP850CC RURP860CC UNITS 

Peak Repetitive Reverse Voltage V 
Working Peak Reverse Voltage V 
DC Blocking Voltage V 
Average Rectified Forward Current A 

(To = +155°C) 
Repetitive Peak Surge Current 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 

(Halfwave, 1 phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy (See Figures 10 and 11) 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 
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Specifications RURP840CC, RURP850CC, RURP860CC 


Electrical Specifications (per leg) T, = +25°C, Unless Otherwise Specified 


SYMBOL 


LIMITS 
RURP850CC RURP860CC 


LL CLES ne 


c 
P) 
vU 
for) 
> 
Oo 
Q 
2) 


TEST CONDITION 


Vr = 400V, To = +150°C 

Vp = 500V, To = +150°C 

Vr = 600V, To = #150°C 
, 


TT 
DEFINITIONS 


V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
lg = Instantaneous reverse current. 
trp = Reverse recovery time (See Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxq based on a straight line from peak Ipy through 25% of Inn (See Figure 2). 
Qrr = Reverse recovery charge. 
Cy = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


32 
21 
195 
25 


aE LEE ELLE 


V, AMPLITUDE CONTROLS |; 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Ra + Lioop Ry ty = Stacmax) 
t2>trr 
ts > 0 


+V, & ta(MIN) 
R 10 
; | 4 
' i] it 
| Zito r= 
| ae 


Van - =~ 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RURP840CC, RURP850CC, RURP860CC 


Typical Performance Curves 


Iz, FORWARD CURRENT (A) 


a) 0.5 
Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C, dipdt = 200A/us 


FIGURE 5. TYPICAL trap, tg AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


t, RECOVERY TIMES (ns) 


a FORWARD CURRENT ~ 


To = +175°C, dip/dt = 200A/s 


t, RECOVERY TIMES (ns) 


Ip, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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500 


100 


= 
oO 


ade 


0.1 


Ig, REVERSE CURRENT (A) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


ULTRAFAST 
DUAL DIODES 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


IF(av)) AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RURP840CC, RURP850CC, RURP860CC 


Typical Performance Curves (continued) 


Cj, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) | 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


L = 40mH 
R<0.10 
Eavi = 1/2LF [VayiAVave - Yoo) 
Q, AND Q, ARE 1000V MOSFETs : 
Q, R 44 
Vop 
1300 
F i ] DUT 
Q2 
12V 
4— CURRENT 
1302 tt SENSE 
Vop 
| = €¢ 
12V to ty to t —> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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SELECTION GUIDE 
HYPERFAST SINGLE DIODE DATA SHEETS 


RHRD440, RHRD450, 
RHRD460, RHRD440S, 
RHRD450S, RHRD460S 


RHRD4120, 
RHRD4120S 


RHRD640, RHRD650, 
RHRD660, RHRD640S, 
RHRD650S, RHRD660S 


RHRD6120, 
RHRD6120S 


RHRG3040, RHRG3050, 
RHRG3060 


RHRG3070, RHRG3080, 
RHRG3090, RHRG30100 


RHRG30120 


RHRG5040, RHRGS5050, 
RHRG5060 


RHRG5070, RHRGS5O80, 
RHRGS5OSO, 
RHRG50100 


RHRG50120 


RHRG7540, RHRG7550, 
RHRG7560 


RHRG7570, RHRG7580, 
RHRG7590, RHRG75100 


RHRG75120 


RHRP840, RHRP850, 
RHRP860 


RHRP870, RHRP880, 
RHRP890, RHRP8100 


RHRP8120 


RHRP1540, RHRP1550, 
RHRP1560 


i | 


4A, 400V - 600V Hyperfast Diodes ..... 0.0... eee eens 


AA, Vat Hives COOGEE. 66s ust ceeensek ede ew abe s Oe eM eR dae ko hede wees 


GA, 400V = BO0V Hyperiast DIGGSS «. cnc s ci eu ssn add sees seve erase ses eenadeues 


6A, 1200V Hyperfast Diodes. ....... 0... eee eee eee eens 


SOA, 400V - GOOV Rypertast DiGGeS ....csaccrsnevcsaveede rane enseeeeeenecaaan 


SOA, TOOV = T000Y Hypeniast DIGGGSS 60. cccc rec cererendncawnemewrnee ewe ea Dean wee 


Uy tee PONRNORUIOOS bis Oe Rk oe ede en enw eee oReks Hs Cee BUR RoOe ean wnet 
SOA, 400V = BO0V hyperidsl DIOUGS .. cc ceeccccecnesdveceeve arses eeeneanteaars 


50A, 7ODV ~ 1000V HYPSraat DIOGSS cc cece crv au eden teeeeeaen rete ereneetnans 


BOA, T2008 TIVGGTIAE DIONE 6. .uic csi ecans deen eee eens Getbetseruessadasess 


Tor, 400V - GOOV Hypariast DES .iu cise c ence eecen eee ene EK WE ee ew 


Tar; TOOV ~ 1000Y Fiyperest VIOKSS cos cs tens sco nese ence bawnas beak Oe eee ww OR 


FOR, 1200¥ FAYDOITES! LIGGS occ cc ican eee we seed ewes dead e eee Seda RR Se OES ee Re 
BA, 400¥ « GO0V Ayperiast Diddes 2... .cnceet neces taser nawennetonseemseweces enn 


BA, 7O0¥ = 1000V MGpeIiasl DINGSS .cucccan beets cust Kteus we etae Bem eee end een es 
ry ZOU TIVOGTIOS CHOOG ..6 sions chi 4d 544 eRS eee Ow SERA Ow HS OREES HEWES AE ED 


15A, 400V = GOOV Mypertast DIOGSS 2. cc csc cenecccneeewsaeesas sendbeuws daaeus 
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HYPERFAST 
SINGLE DIODES 


RHRP1570, RHRP1580, 
RHRP1590, RHRP15100 


RHRP15120 


RHRP3040, RHRP3050, 
RHRP3060 


RHRP3070, RHRP3080, 
RHRP3090, RHRP30100 


RHRP30120 


RHRU5040, RHRU5050, 
RHRU5060 


RHRU5070, RHRU5080, 
RHRU5090 RHRU50100 


RHRU50120 


RHRU7540, RHRU7550, 
RHRU7560 


RHRU7570, RHRU7580, 
RHRU7590, RHRU75100 


RHRU75120 


RHRU10040, 
RHRU10050, 
RHRU 10060 


RHRU100120 


RHRU15040, 
RHRU15050, 
RHRU15060 


RHRU15090, 
RHRU150100 


Hyperfast Single Diodes (continues) 


PAGE 
16A, TOOY = 1000¥ Fyperiact DIOGES 22 ccc caved creda ceds eosne cere nhenwndsaaaes 7-70 © 
1S5A, 12007 Fiypetast DIGUG.. . incacces ce eee t nee eee ee eee wee ee Ree reer eee an 7-74 
SOA, 400¥ + GO0V Hyperast Digdes 6c iss nacus evds ce sae seen eeraw nae dwaee cious 7-78 
30A, 7OOV - 1000V Hyperfast Diodes ............ cee eee eet 7-82 
BOA, 1200¥ Hypetiast Di0de:.. . sic. csseawede atone eed bees tenes eases eee eeaes 7-86 
S0A, 400Y > GOO Myperiaet DI0d6S . oc cckescad cree anced eo ew ives ne OO Se HHS eA 7-89 
SOAR, 7OUV = 1Q00V FYPSNAStLIOUGS sisi tcedw ex eee eee Re ee ORs keheE Ree EOE Ra 7-93 
SOA, W200 AYPeNaSt DINGS c:c00c neers ean ete e Goku ae ee we ae SOEs eee OE ees 7-97 
TOR, 400V = GOOV Myperias! DIGKGS co 2cccccsaveeeereesusndeonnewreancennrnawes 7-101 
735A, TOOY + 1000V Miypoerias! DIGKES .accsrcccwres cums ietanseeu ena aweeasbens 7-105 
FOr, T2008 PUPGUES! DIQOG 6.océ.c cease edew esse aviv keenwnes se akswapwee deans 7-109 
TOOA, 400V = GOOV Hyperlast DiOdGS 2246s ccvnccceedee te neiseenpesseeeseunnes 7-112 
400A, T2007 Miyperias! D008... ces cn ctdccangvangoe es ni checascencasdeenseess 7-115 
150A, 400V - 600V Hyperfast Diodes ............. ce eee eens 7-118 
150A, 900V - 1000V Hyperfast Diodes ........ 0... . cece eens 7-121 
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HARRIS HYPER-FAST RECOVERY RECTIFIER PRODUCT LINE 


600V 


700V 


800V 


900V 


1000V 


1200V 


RHRD440 
2.1V 35ns 


RHRD450 
2.1V  35ns 


RHRD460 
2.1V 35ns 


RHRD4120 


RHRP8120 | RHRP15120 | RHRP30120 | RHRG30120 
3.2V 70nsf3.2V 65ns93.2V 70ns43.2V 65ns93.2V 70ns}]3.2V 75ns{3.2V 75ns}3.2V 75ns 


TO-252 


TO-220AC 2 LEADED TO-247 


SINGLE LEAD TO-218 


RHRU5040 


RHRD640 | RHRD440S | RHRD640S | RHRP840 | RHRP1540 | RHRP3040 | RHRG3040 | RHRG5040 | RHRG7540 RHRU7540 | RHRU10040 | RHRU15040 
2.1V 35ns{2.1V 35ns}2.1V 35ns}2.1V 35ns{2.1V 40ns}2.1V 45ns}2.1V 45ns}2.1V 50ns]{2.1V 60ns}2.1V 50ns]}2.1V  60ns }2.1V 60ns }2.1V 70ns 
RHRD650 | RHRD450S | RHRD650S | RHRP850 | RHRP1550 | RHRP3050 | RHRG3050 | RHRG5050 | RHRG7550 | RHRU5050 | RHRU7550 | RHRU10050 | RHRU15050 
2.1V 35ns{2.1V 35ns{2.1V 35ns{2.1V 35ns{2.1V 40ns{2.1V 45ns}2.1V 45ns}2.1V 50ns}2.1V 60ns{2.1V 50ns}2.1V 60ns ]2.1V 60ns {2.1V 70ns 


RHRD6120 {RHRD4120S | RHRD6120S 


RHRP870 | RHRP1570 | RHRP3070 | RHRG3070 | RHRG5070 | RHRG7570 
3.0V 65ns{3.0V 70Ons{3.0V 75ns43.0V 75ns{3.0V 95ns13.0V 100ns 
RHRP880 | RHRP1580 | RHRP3080 | RHRG3080 | RHRG5080 | RHRG7580 
3.0V 65ns{3.0V 70ns{3.0V 75ns43.0V 75ns{}3.0V 95ns{3.0V 100ns 
RHRP890 | RHRP1590 | RHRP3090 | RHRG3090 | RHRG5090 | RHRG7590 
3.0V 65ns}3.0V 70ns{}3.0V 75ns}3.0V 75ns1}3.0V 95ns43.0V 100ns 
RHRP8100 | RHRP15100 | RHRP30100 | RHRG30100 | RHRG50100 | RHRG75100 
3.0V 65ns]73.0V 70ns}3.0V 75ns13.0V 75ns}3.0V 95ns 73.0V 100ns 
RHRG50120 | RHRG75120 
3.2V 100ns 13.2V 100ns 


RHRD660 | RHRD460S | RHRD660S | RHRP860 | RHRP1560 | RHRP3060 | RHRG3060 | RHRG50O60 | RHRG7560 | RHRU5060 | RHRU7560 | RHRU10060 | RHRU15060 
2.1V 35ns}2.1V 35ns42.1V 35ns{2.1V 35ns12.1V 40ns]}2.1V 45ns}2.1V 45ns}2.1V 50ns{2.1V 60ns{}2.1V 50ns42.1V  60ns }2.1V 60ns | 2.1V 70ns 


ITALICS = Future Product Offerings; Ve at Ipjava), Ty = 25°C; Tar at leave), dip/dt = 100A/usec T,= 25°C; f Trp at l= 1A 


HYPERFAST 


SINGLE DIODES 


RHRU5070 | RHRU7570 
3.0V 95ns]3.0V 100ns 


RHRU5080 | RHRU7580 
3.0V 95ns{3.0V 100ns 


RHRU5090 | RHRU7590 RHRU15090 
3.0V 95ns}3.0V 100ns 3.0V 100ns 


RHRU50100 | RHRU75100 RHRU150100 
3.0V 95ns 13.0V 100ns 3.0V 100ns 


RHRU50120 
3.2V 100ns 


RHRU75120 | RHRU100120 
3.2V 100ns ]3.2V 100ns 


RHRU 150120 


@PIN4) UO!}99}aS 


aD 


April 1995 


Features 


e Hyperfast with Soft Recovery 
e Operating Temperature 

e Reverse Voltage Up to 

e Avalanche Energy Rated 

e Planar Construction 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 
e General Purpose 


Description 


RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, 
and RHRD460S (TA49055) are hyperfast diodes with soft recov- 
ery characteristics (tap < 30ns). They have half the recovery time 
of ultrafast diodes and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
hyperfast soft recovery minimize ringing and electrical noise in 
many power switching circuits, reducing power loss in the switch- 
ing transistors. 

PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. Add the suffix 9A to 
obtain the TO-252AA variant in the tape and reel, i.e., RHRD450S9A. 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


RHRD440 
RHRD440S 
Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 
Average Rectified Forward Current 
(To = +157°C) 
Repetitive Peak Surge Current 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation oO 
Avalanche Energy (See Figures 10 and 11) 10 
Operating and Storage Temperature -65 to +175 
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Package 


HSARRIS £ARHRD440, RHRD450, RHRD460, 
vemeeme®***" RHRD440S, RHRD450S, RHRD460S 


4A, 400V - 600V Hyperfast Diodes 


JEDEC STYLE TO-251 


ANODE 
LY CATHODE 


CATHODE <> 


(FLANGE) 


JEDEC STYLE TO-252 


CATHODE 
(FLANGE) 
catHope & Ra 


ANODE 


HYPERFAST 
SINGLE DIODES 


RHRD450 
RHRD450S 


RHRD460 
RHRD460S UNITS 


V 


V 
V 
A 


40 


50 50 
10 10 
-65 to +175 -65 to +175 


File Number 3613.4 


Specifications RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, RHRD460S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL 


LIMITS 


RHRD450 
RHRD450S 


TYP 


RHRD460 
RHRD460S 


RHRD440 
RHRD440S 


TYP 


fe) SPELL eT eTerTe 
= >| > 


+ 
< 
Uv 


UNITS 
V 
V 


TEST CONDITION 


V 
V 
| 
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R ’ 

R=400V, Te. +150°C 
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—] PM 
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on 
oO 
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500 
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= 600V, To = +150°C 


Ww 
(o) 


Ww 
w 


w Nh 
w oO . 


F= 1A di-/dt = 200A/us 


ou 


I; = 4A, di-/dt = 200A/us 
I; = 4A, di-/dt = 200A/us 


fe) 


F= 4A di-/dt = 200A/us 
le 4A di-/dt = 200A/us 
Vp = 10V, Ip =0A 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy based on a straight line from peak Ipyy through 25% of Ipny (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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Vp = 500V, To = +150°C 
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= ak 
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V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/dt 


L,=SELFINDUCTANCEOFR,  % : . ree 
+ LLoop ty>0 
+Vy 2 ta(MIN) 
10 
0 
! 1 Ba 
1 eto re 
[a+ I 
reooroun 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, RHRD460S 


Typical Performance Curves 
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Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C, dif/dt = 200A/us 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT 


To = +175°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


I-, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, t, AND ts CURVES vs FORWARD 
CURRENT AT 175°C 
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Ig, REVERSE CURRENT (1A) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C, dip/dt = 200A/is 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT 100°C 


HYPERFAST 
SINGLE DIODES 


Ir(av)» AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RHRD440, RHRD450, RHRD460, RHRD440S, RHRD450S, RHRD460S 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vp, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuits and Waveforms 


lax = 1A 

L = 40mH 

R<0.1Q 

Eavi = 1/2LI? [Vavi/(Vavi - Vo) 
Q,; AND Q, ARE 1000V MOSFETs 


Q; L R + 
Vpop 
: 1302 
f | = DUT 
2 
12V 
q- CURRENT 
130Q “- SENSE 
Vpp 
| -¢ 
12V to ty to i 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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on “i RHRD4120, 
rewiognbueTon RHRD4120S 


April 1995 4A, 1200V Hyperfast Diodes 


Features Package 
e Hyperfast with Soft Recovery................ <60ns JEDEC STYLE TO-251 
¢ Operating Temperature..................-. +175°C 
ANODE 
e Reverse Voltage..........cceceeccnccaccens 1200V A a CNTHODE 


e Avalanche Energy Rated <e> 
NA 


e Planar Construction CATHODE 
(FLANGE) 


Applications 


¢ Switching Power Supplies JEDEC STYLE TO-252 


e¢ Power Switching Circuits 
CATHODE 


ANODE —_ 


Description CATHODE 


RHRD4120 and RHRD4120S (TA49056) are hyperfast 
diodes with soft recovery characteristics (tara < 60ns). They 
have half the recovery time of ultrafast diodes and are silicon 
nitride passivated ion-implanted epitaxial planar construction. 


e General Purpose 


These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies Symbol 
and other power switching applications. Their low stored 

charge and hyperfast soft recovery minimize ringing and elec- 

trical noise in many power switching circuits, reducing power 

loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RHRD4120 TO-251 HR4120 


NOTE: When ordering, use the entire part number. Add the suffix 9A 
to obtain the TO-252AA variant in the tape and reel, i.e., 
RHRD4120S9A. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRD4120 
RHRD4120S UNITS 
Peak ARepelive AGVeMe VONAQG. 2... 6 cee csuanae cvaeeen ee nae sees bee TUEs Rete Rees Varo 1200 
VIO POSH HEVOISG VOUBUG oi45 cso sade weee wesRS en ener RSET e Ree e RHO EEE TEARS EDOs VrwM 1200 
DOG Bloching VONAGG: <.cc ccc ceicreneac eee eben ia ne Reed Es ORE RESO RADON EES ORR EOS Vr 1200 
Average Rectified Forward Current... co iss ccc cnae iar deaa reek sees heen taes coeenees lE(AV) 4 
(To = +147.5°C) 
Repetitive Pas Sue CUI. sic cnkanceersc rede e sme cae Neeseedeendae daednewn awe te lEsSm 8 A 
(Square Wave, 20kHz) 
NONTEPGUNVE Pash Gilde CUNO «occa ccun vs en ce tener eee ese ee ewT ed eee res ATE RROE RA lesm 40 A 
(Halfwave, 1 phase, 60Hz) 
Maximum Power DISSIDAION « sc scsco0es eb Sees 6 sapdeds Hee NERS FE dead RE EMT ON BK Pp 50 WwW 
Avmancie Grieray (LANG) cscs oseren chs Ge debe cee wn ben ect ataed HOE SESS he RESO Os Eavi 10 mj 
Operating and Storage Temperature oo. ces ccnus cass cackccnsneswonavedenevecses es Tstq@ Ty -65 to +175 "C 


rP<cc 
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Specifications RHRD4120, RHRD4120S 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Ip = 4A, To = +150°C 

Se 
eC 
CO ee 
eC Cc 
a ( 
a 
DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tz = Time from peak Ipyy to projected zero crossing of Ipxy based on a straight line from peak Ipy through 25% of Ipaq (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay. = Controlled avalanche energy (See Figure 9 and Figure 10). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V> AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Rg + Lioop R, ty 2 Sta(max) 
t2>trr 
ty >0 
+V, ty. taminy 
| R, 10 
0 ' i] tt 
| ity n= 
west ty 
ae 
rot 
1! 
| I= ts 
| rou 
0 1 oa 


Vam - - ~~ 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


RHRD4120, RHRD4120S 


Typical Performance Curves 
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FIGURE 5. TYPICAL trap, ta AND tg CURVES vs FORWARD FIGURE 6. TYPICAL tpr, ta AND ts CURVES vs FORWARD = 7} 
CURRENT CURRENT rz 
77) 
Tc = +175°C 


ESS 


t, RECOVERY TIMES (ns) 
I(javy, AVERAGE FORWARD CURRENT (A) 


Nw 
_ | | {A 


125 135 145 155 165 175 
Ir, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


CURRENT 


RHRD4120, RHRD4120S 


Iu AX = 1A 
L =40mH 
R<0.10 
Eave = 12LF [(VaviVavi - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 
Q; R +C 
Vop 
1300 
E 1 DUT 
Q 
12V : 
4— CURRENT 
1300 G SENSE 


Vop 


FIGURE 9. AVALANCHE ENERGY TEST CIRCUIT 


ty ty to t-—> 


FIGURE 10. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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HARRIS RHRD640, RHRD650, RHRD66O, 
SEMICONDUCTOR PRIPDGAQG RHRD6S50S, RHRD660S 


April 1995 6A, 400V - 600V Hyperfast Diodes 


Features Package 


e Hyperfast with Soft Recovery JEDEC STYLE TO-251 
Operating Temperature 
Reverse Voltage Up To ANODE 


Avalanche Energy Rated Sf, CATHODE 
Planar Construction nines CS 


Applications ey 

e Switching Power Supplies 

e Power Switching Circuits 

¢ General Purpose CATHODE 


_ <e> (FLANGE) 
Description CATHODE & Ra 


RHRD640, RHRD650, RHRD660, RHRD640S, RHRD650S and ANODE 
RHRD660S are hyperfast diodes with soft recovery characteristics (tar 

< 30ns). They have half the recovery time of ultrafast diodes and are 

sil icon nitride passivated ion-implanted epitaxial planar construction. 


JEDEC STYLE TO-252 


These devices are intended for use as freewheeling/clamping diodes 
and rectifiers in a variety of switching power supplies and other power 
switching applications. Their low stored charge and hyperfast soft 
recovery minimize ringing and electrical noise in many power switching 
circuits reducing power loss in the switching transistors. 


PACKAGE AVAILABILITY 


[PARTNUMBER | PACKAGE | ___ BRAND 
RHRGA 
RHRGSO 
RHRGAO 
RHRGSO 
RHRG6O 


NOTE: When ordering, use the entire part number. Add the suffix 9A to obtain 
the TO-252 variant in tape and reel, e.g. RHRD660S9A. 


HYPERFAST 
SINGLE DIODES 


Formerly developmental type TA49057. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RHRD640 RHRD650 RHRD660 
RHRD640S RHRD650S RHRD660S 
Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 
Average Rectified Forward Current 
(To = +152°C) 
Repetitive Peak Surge Current 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (See Figures 10 and 11) 
Operating and Storage Temperature -65 to +175 -65 to +175 
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Specifications RHRD640, RHRD650, RHRD660, RHRD640S, RHRD650S, RHRD660S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST RHRD640, RHRD640S RHRD650, RHRD650S RHRD660, RHRD660S 


le = 6A, To = +25°C 
I = 6A, To = +150°C 
Vp = 400V, To = +25°C 
Ve = 500V, To = +25°C 
Vp = 600V, To = +25°C 


I; = 6A, di-/dt = 200A/us 
lp = 6A, di-/dt = = 200A/us 
Ff = 6A, di-/dt = 200A/us 


|: = 6A, di/dt = 200A/us 
Va = 10V, Ip =0A 


DEFINITIONS 
V_ = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipy to projected zero crossing of Ipxy based on a straight line from peak Ippy through 25% of Ipny (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction capacitance. 
Rgjc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I; 


V2 AMPLITUDE CONTROLS di-/dt 
L, = SELF INDUCTANCE OF +V3 
Rg +Lioop R; t; 2 Sta(MAx) 
t2> tar 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRD640, RHRD650, RHRD660, 
Typical Performance Curves 


30 


_ 
eo 


Ir, FORWARD CURRENT (A) 


—_ 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, tg AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


Tc = +175°C, di-/dt = 200A/s 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 


RHRD640S, RHRD650S, RHRD660S 


In, REVERSE CURRENT (1A) 


200 300 400 
Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +100°C, di-/dt = 200A/us 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tgp, t, AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


HYPERFAST 
SINGLE DIODES 


IF(av), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RHRD640, RHRD650, RHRD660, RHRD640S, RHRD650S, RHRD660S 


Typical Performance Curves (continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveform 


IMAX = 1A 
L = 40mH 


R<0.12 

Eave = 1/2L! [VayiAVave - Yoo) 
Q, AND Q, ARE 1000V MOSFETs : 
Q,; R +¢ 


Vop 
1300 
' : DUT 
Pa J a. 
nt 12V 
4- CURRENT 
1302 t. SENSE 
Vpop 
| 4 
12V to ty ty —- 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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on - RHRD6120, 
MARRS RHRD6120S 


March 1995 6A, 1200V Hyperfast Diodes 


Features Package 

e Hyperfast with Soft Recovery JEDEC STYLE TO-251 
Operating Temperature 
Reverse Voltage 
Avalanche Energy Rated 


Planar Construction CATHODE 


(FLANGE) 


Applications 


e Switching Power Supplies 
e Power Switching Circuits 
e General Purpose 


a CATHODE 
Description P ~~ (FLANGE) 


The RHRD6120 and RHRD6120S (TA49058) are hyperfast diodes 
with soft recovery characteristics (tap < 55ns). They have half the 
recovery time of ultrafast diodes and are silicon nitride passivated 
ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping diodes 
and rectifiers in a variety of switching power supplies and other power Sym bol 
switching applications. Their low stored charge and hyperfast soft 
recovery minimize ringing and electrical noise in many power switch- 


ing circuits reducing power loss in the switching transistors. i 
PACKAGE AVAILABILITY D e 

= 

Lu Lu 

QO — 

TO-251 HR6120 > Oo 

=z 

TO-252 HR6120 ” 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


RHRD6120 
RHRD6120S 


Peak Repetitive Reverse Voltage 1200 

Working Peak Reverse Voltage 1200 

DC Blocking Voltage 1200 

Average Rectified Forward Current 6 
(To = 130°C) 

Repetitive Peak Surge Current 12 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 60 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 50 
Avalanche Energy (See Figures 10 and 11) 10 
Operating and Storage Temperature : -65 to +175 
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Specifications RHRD6120, RHRD6120S 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 
Ve Ip = 6A, To = +25°C 
Ip = 6A, To = +150°C 
Vr = 1200V, To = +25°C 
Vr = 1200V, Tc = +1 50°C 
aa : ; = : saa 


I; = 6A, di/dt = 200A/us 
I: = 6A, dip/dt = 200A/us 


I; = 6A, di-/dt = 200A/us 


I; = 6A, dig/dt = 200A/us 


Ve = 10V, Ip = 0A 


a 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak lpn, to projected zero crossing of |x, based on a straight line from peak Ipry through 25% of IRjy (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di-/dt 
L, = SELF INDUCTANCE OF 


Ra + LLoop Ry ty 2 Sta(max) 
to > tar 
ty > 0 
+V; el < ta(MIN) 
R 10 
0 4 
i] 1 tt 
| 2th r= 
— I 
| ty | | | 
| I 
ae. 
| 
| ts ~<«-t 
| 1 fl 
0 1 oo 


FIGURE 1. tana TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRD6120, RHRD6120S 


Typical Performance Curves 


Ir, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Tc = +25°C, di-/dt = 200A/us 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT AT 25°C 


Tc = +175°C, di-/dt = 200A/us 


~“ 
on 


t, RECOVERY TIMES (ns) 
n 
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h 
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I-, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT 175°C 
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Ip, REVERSE CURRENT (1A) 


0.1 


400 600 800 
Va, REVERSE VOLTAGE (V) 


1000 1200 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +100°C, di-/dt = 200A/us 


t, RECOVERY TIMES (ns) 


tu 
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< O 

Ir, FORWARD CURRENT (A) 7 Q 

ui W 

FIGURE 6. TYPICAL tar, t, AND ts CURVES vs FORWARD a 
CURRENT AT 100°C => 
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Tc, CASE TEMPERATURE (°C) 
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°o 
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FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RHRD6120, RHRD6120S 


Typical Performance Curves (continued) 


C,, JUNCTION CAPACITANCE (pF) 


0 50 100 150 200 
Vp, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


Imax =1A 
L = 40mH 
R<0.10 
Eave = 1/2LI? [VayiAVave - Yoo) 
Q, AND Q, ARE 1000V MOSFETs L 
Q, R 4d 
Vop 
1302 
F i ] DUT 
Q2 
12V 
q- CURRENT 
130Q “- SENSE 
Vpp 
| oe e 
12V to ty to ; — 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
WAVEFORMS 
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Harris RHRG3040, RHRG3050, 
SEMICONDUCTOR RHRG3060 


April 1995 30A, 400V - 600V Hyperfast Diodes 


GD 


Features Package 
e Hyperfast with Soft Recovery JEDEC STYLE TO-247 
Operating Temperature 


Reverse Voltage Up To 
ANODE 


Avalanche Energy Rated 
CATHODE 


Planar Construction CATHODE 
(BOTTOM 
SIDE METAL) 


Applications 
e Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Description 


RHRG3040, RHRG3050 and RHRG3060 (TA49063) are 
hyperfast diodes with soft recovery characteristics (tar < 
40ns). They have half the recovery time of ultrafast diodes 
and are silicon nitride passivated ion-implanted epitaxial pla- 
nar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRG3040 RHRG3050 RHRG3060 UNITS 

Peak Repetitive Reverse Voltage 400 500 600 V 
Working Peak Reverse Voltage 400 500 600 V 
DC Blocking Voltage 400 500 600 V 
Average Rectified Forward Current 30 30 30 A 

(To = +120°C) 
Repetitive Peak Surge Current 70 70 70 

(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 325 325 325 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 125 125 125 
Avalanche Energy (See Figures 10 and 11) 20 20 20 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 
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Specifications RHRG3040, RHRG3050, RHRG3060 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
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DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse Current . 
trap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ixy (See Figure 2). 
Qpr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rojc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 


°C/W 


D = duty cycle. 
V, AMPLITUDE CONTROLS |; 
V2 AMPLITUDE CONTROLS di-/dt 
L, = SELF INDUCTANCE OF +V3 
Ry ba Lioop R, t, 2 5ta(MAX) 
th> tp 
+, y ta(MIN) 
| 10 
0 ' ' ' y 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. ta; WAVEFORMS AND DEFINITIONS 
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RHRG3040, RHRG3050, RHRG3060 


Typical Performance Curves 


lr, FORWARD CURRENT (A) 
° 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Tc = +25°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C 


t, RECOVERY TIMES (ns) 


ir, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +175°C 


In, REVERSE CURRENT (A) 


Va, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 
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FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 
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FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RHRG3040, RHRG3050, RHRG3060 


Typical Performance Curves (Continued) 


Cy, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 
L =40mH 
R<010 
Eqvi = 1/2L) [VaviVavi - Vo) 
Q, AND Q, ARE 1000V MOSFETs 


Q, » 8 of 
Vpp 
1302 
F 7 ] = DUT 
12V 
4+— CURRENT 
1300 SENSE 
Vop 
| =i 
12V to ty te { =e 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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m HARRIS RHRG3070, RHRG3080, 
vewresweE"=? | RHRG3090, RHRG30100 


April 1995 30A, 700V - 1000V Hyperfast Diodes 


Features Package 
e Hyperfast with Soft Recovery JEDEC STYLE TO-247 
e Operating Temperature 


e Reverse Voltage Up To 


CATHODE CATHODE 


(BOTTOM 
e Planar Construction SIDE METAL) 


¢ Avalanche Energy Rated 


Applications 


e Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RHRG3070, RHRG3080, RHRG3090 and RHRG30100 
(TA49064) are hyperfast diodes with soft recovery character- 
istics (taR < 65ns). They have half the recovery time of 
ultrafast diodes and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND | 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRG3070 RHRG3080 RHRG3090 RHRG30100 UNITS 
Peak Repetitive Reverse Voltage 700 800 900 1000 V 
Working Peak Reverse Voltage 700 800 900 1000 V 
DC Blocking Voltage 700 800 900 1000 V 
Average Rectified Forward Current 30 30 30 30 A 
(To = +95°C) 
Repetitive Peak Surge Current 70 70 70 70 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 325 325 325 325 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 125 125 125 125 
Avalanche Energy (See Figures 10 and 11) 20 20 20 20 
Operating and Storage Temperature 
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Specifications RHRG3070, RHRG3080, RHRG3090, RHRG30100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
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: eae 
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[a= F000 To= +150 | 
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[F= 30K, dieat= TOOAuS | 
[r= 3A, cpat= TOOAuS | 
[F=30A, dinidt= TOONS | 
Va = 10V, Ip =0A | = | 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tap = Reverse recovery time (Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of IR (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Ra + Lioop Ry ty > Staqmax) 
> tkr 
ts >0 
+V; bad < ta(MIN) 
~ 10 
0 L] ‘ it 
1 wit, ee 
wes! ly 
| | 
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Yau --- = 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG3070, RHRG3080, RHRG3090, RHRG30100 


Typical Performance Curves 
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RHRG3070, RHRG3080, RHRG3090, RHRG30100 


Typical Performance Curves (Continued) 
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FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


L = 40mH 
R<0.102 
Eavi = 1/2L?? [VaviAVave - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 
" R 
Q; +0Q 
Vop 
1302 
F ; ] DUT 
iy 
4— CURRENT 
1302 “- SENSE 
3 Vop 
12V to ty to t —> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 


7-28 


Ga HARRIS 


SEMICONDUCTOR 


April 1995 


Features 
e Hyperfast with Soft Recovery 


Operating Temperature 
Reverse Voltage 
Avalanche Energy Rated 


Planar Construction 


Applications 
¢ Switching Power Supplies 


e Power Switching Circuits 


¢ General Purpose 


Description 


The RHRG30120 (TA49041) is a hyperfast diode with soft 
recovery characteristics (tarp < 65ns). It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its 
low stored charge and hyperfast soft recovery minimize ring- 
ing and electrical noise in many power switching circuits, 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RHRG30120 TO-247 RHRG30120 


NOTE: When ordering, use the entire part number. 
Absolute Maximum Ratings = T, = +25°C 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 
Average Rectified Forward Current 
(To = +78°C) 
Repetitive Peak Surge Current 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy 
(L = 40mH) 
Operating and Storage Temperature 
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RHRG30120 


30A, 1200V Hyperfast Diode 


Package 


JEDEC STYLE 2 LEAD TO-247 


ANODE 


CATHODE 
CATHODE 
(BOTTOM SIDE 
METAL) 


HYPERFAST 
SINGLE DIODES 


RHRG30120 UNITS 
1200 V 
1200 V 
1200 V 

30 A 


60 


30 


-65 to +175 


File Number 3410.2 


Specifications RHRG30120 
Electrical Specifications = 1, = +25°C, Unless Otherwise Specified 


le = 380A To = +150°C 
Vr = 1200V Tco= +150°C 


= = 1A, dl,-/dt = 100A/is 
I- = 30A, di-/dt = 100A/us 


I: = 30A, dlf/dt = 100A/us 


Resc 


DEFINITIONS 
V- = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
trp = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy based on a straight line from peak Ipy through 25% of Inxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I 


V2 AMPLITUDE CONTROLS di,/dt . 
L, = SELF INDUCTANCE OF +V3 
Ra + LLoop Ry ty 2 Sta(max) 
to > tar 
ty >0 


t 
< ‘A(MIN) 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG30120 


Typical Performance Curves 
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SEMICONDUCTOR 


April 1995 


Features 

¢ Hyperfast with Soft Recovery 
Operating Temperature 
Reverse Voltage Up To 
Avalanche Energy Rated 


Pianar Construction 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Description 


Package 


CATHODE 
(BOTTOM 
SIDE METAL) 


RHRG5040, RHRG5050 and RHRG5060 (TA49065) are 
hyperfast diodes with soft recovery characteristics (tpr 
<45ns). They have half the recovery time of ultrafast diodes 
and are silicon nitride passivated ion-implanted epitaxial 


planar construction. 


These devices are intended for use as_ freewheeling/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits 


reducing power loss in the switching transistors. 
PACKAGING AVAILABILITY 


PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +93°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (L = 40mH) 
Operating and Storage Temperature 
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RHRG5040 
400 
400 
400 

50 


100 


500 


150 
40 
-65 to +175 
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Harris RHRG5040, RHRG505O, 


RHRG5060 


50A, 400V - 600V Hyperfast Diodes 


JEDEC STYLE TO-247 


RHRG5050 


500 

500 

500 
50 


100 


500 


150 
40 


-65 to +175 


ANODE 


600 

600 

600 
50 


100 


500 


150 
40 


-65 to +175 


RHFG5S060 


CATHODE 


UNITS 
V 


V 
V 
A 


File Number 3920.1 


Specifications RHRG5040, RHRG5050, RHRG5060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
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DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
: = Reverse recovery time (See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current (See Figure 2). 
a Time from peak Ipy to projected zero crossing of Ip,, based on a straight line from peak Ipyy through 25% of Inn (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = Duty cycle. 


°C/W 


= 
on 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di-/dt 
L, = SELF INDUCTANCE OF 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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SINGLE DIODES 


RHRG5040, RHRG5050, RHRG5060 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 


VOLTAGE DROP 
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FIGURE 5. TYPICAL tpr, tg AND tg CURVES vs FORWARD 


CURRENT AT +25°C 
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To = +175°C 


FIGURE 7. TYPICAL tar, tg AND tg CURVES vs FORWARD 


CURRENT AT +175°C 
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Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


IF(av), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RHRG5040, RHRG5050, RHRG5060 


Typical Performance Curves (Continued) 
350 
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FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX = 1A 
L = 40mH 
R<0.12 
Eavi = 1/2L? (VaviVavi - Vo) 
Q, AND Q, ARE 1000V MOSFETs 


Q, - R +C 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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HARRIS RHRG5070, RHRG5080, 
ews RHRG5090, RHRG50100 


April 1995 50A, 700V - 1000V Hyperfast Diodes 


aD 


Features Package 
e Hyperfast with Soft Recovery JEDEC STYLE 2 LEAD TO-247 


Operating Temperature y ANODE 


Reverse Voltage Up to TAL f- CATHODE 


Avalanche Energy Rated 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RHRG5070, RHRG5080, RHRG5090 and RHRG50100 
(TA49066) are hyperfast diodes with soft recovery character- 
istics (tap < 75ns). They have half the recovery time of 
ultrafast diodes and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and hyperfast soft recovery minimize ringing and elec- 
trical noise in many power switching circuits reducing power 
loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
FIRGEOTS FFINGEOTO 
RHRG5080 TO-247 RHRG5080 


RHRG5090 TO-247 RHRG5090 


RHRG50100 TO-247 RHRG50100 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. =+25°C 


RHRG5070 RHRG5080 RHRG5090 RHRG50100 

Peak Repetitive Reverse Voltage 700V 800V 900V 1000V 
Working Peak Reverse Voltage 700V 800V 900V 1000V 
DC Blocking Voltage 700V 800V 900V 1000V 
Average Rectified Forward Current 50A 50A 50A 

(To = +60°C) 
Repetitive Peak Surge Current 100A 100A 100A 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 500A 500A 500A 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 150W 150W 150W 
Avalanche Energy 40mj 40mj 40mj 

(L = 40m) 
Operating and Storage Temperature -65°C to +175°C -65°C to +175°C -65°C to +175°C -65°C to +175°C 
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Specifications RHRG5070, RHRG5080, RHRG5090, RHRG50100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


RHRG5070 LIMITS | RHRG5080 LIMITS | RHRG5090 LIMITS | RHRG50100 LIMITS 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxyy based on a straight line from peak Ipyy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Envy, = Controlled avalanche energy. (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V2 AMPLITUDE CONTROLS di-/dt 


L, = SELF INDUCTANCE OF Py ty 2 Sta(MAX) 
Rg + Lioop b>trr 
ts >0 
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FIGURE 1. tana TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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SINGLE DIODES 


RHRG5070, RHRG5080, RHRG5090, RHRG50100 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL tar, t, AND tg CURVES vs FORWARD 


CURRENT 
IMAX =1A 
L = 40mH 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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w Ans RHRGS50120 


April 1995 50A, 1200V Hyperfast Diode 


Features Package 
¢ Hyperfast with Soft Recovery JEDEC STYLE TO-247 


¢ Operating Temperature ANODE 


e Reverse Voltage 
CATHODE silat 


e Avalanche Energy Rated (BOTTOM 


. SIDE METAL 
e Planar Construction 


Applications 


e Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


The RHRG50120 (TA49100) are hyperfast diodes with soft 
recovery characteristics (tap < 85ns). They have half the 
recovery time of ultrafast diodes and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RHRG50120 TO-247 RHRG50120 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 
RHRG50120 

Peak Repetitive Reverse Voltage 1200 
Working Peak Reverse Voltage 1200 
DC Blocking Voltage 1200 
Average Rectified Forward Current 50 

(To = 50°C) 
Repetitive Peak Surge Current 100 

(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 500 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 150 
Avalanche Energy (See Figures 10 and 11) 50 
Operating and Storage Temperature -65 to +175 
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Specifications RHRG50120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Va = To= 


fess I; = 1A, dig/dt = 100A/us 
I; = 50A, dig/dt = 100A/us 


l- = 50A, di-/dt = 100A/us 


Vp = 10V, Ip = 0A 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx4 based on a straight line from peak Ipy through 25% of Ipaq (See Figure 2). 
Qprr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eayv. = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Rg + Lioop R; t 2 Sta(MAX) 
ty > tar 
ty >0 


, ta(MIN) 


Vem - - - — 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG50120 


Typical Performance Curves 


Ir, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tpr, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


Tc = +1 75°C 


t, RECOVERY TIMES (ns) 


lg, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tpr, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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Vp, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE VOLTAGE 


Tc = +1 00°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


HYPERFAST 
SINGLE DIODES 


lF(av)» AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE 
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RHRG50120 


Typical Performance Curves (Continued) 


Cy, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 
L = 40mH 
R<0.1Q 
Eavi = 1/2L? [VaviLAVavi - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs f 
R 
Q, + 
Vop 
130Q 
X Aly : 
Q2 
12V 
q- CURRENT 
1300 “—- SENSE 
Vpp 
| -¢ 
12V to ty to t—_— 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 


7-42 


m HARRIS RHRG7540, RHRG7550, 
HARRIS Ebene: 


April 1995 75A, 400V - 600V Hyperfast Diodes 


Features Package 


¢ Hyperfast with Soft Recovery JEDEC STYLE TO-247 
Operating Temperature 


Reverse Voltage Up To 
CATHODE 


Avalanche Energy Rated (BOTTOM 
SIDE METAL) 
Planar Construction 


Applications 
e Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RHRG7540, RHRG7550 and RHRG7560 are hyperfast 
diodes with soft recovery characteristics (tap < 55ns). They 
have half the recovery time of ultrafast diodes and are silicon 
nitride passivated ion-implanted epitaxial planar construc- 
tion. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND | 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Formerly developmental type TA49067. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRG7540 RHRG7550 RHRG7560 

Peak Repetitive Reverse Voltage 400 500 600 
Working Peak Reverse Voltage 400 500 600 
DC Blocking Voltage 400 500 600 
Average Rectified Forward Current 75 75 75 

(To = +80°C) 
Repetitive Peak Surge Current 150 150 150 

(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 750 750 750 
(Halfwave, 1 phase, 60Hz) 


Maximum Power Dissipation 190 190 190 
Avalanche Energy (See Figures 10 and 11) 50 50 50 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 
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Specifications RHRG7540, RHRG7550, RHRG7560 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


a 
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Lod 
i 
— 
ae 
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Rec 
DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current . 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ip (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rojc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Ry * Lioop Ry t 2 Sta(MAx) 
t)>trr 
tg >0 


+Vy ty. tam) 
| R 10 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tarp WAVEFORMS AND DEFINITIONS 
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RHRG7540, RHRG7550, RHRG7560 


Typical Performance Curves 


I=, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Tc = +25°C, dip/dt = 200A/is 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


Tg = +175°C, di-p/dt = 200A/is 
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t, RECOVERY TIMES (ns) 
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FIGURE 7. TYPICAL tgp, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +100°C, di,/dt = 200A/us 


t, RECOVERY TIMES (ns) 


ig, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tpr, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


IF(av), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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HYPERFAST 
SINGLE DIODES 


RHRG7540, RHRG7550, RHRG7560 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


L = 40mH 
R <0.19 
Eave = 1/2LP [VaviVavi - Yoo)! 
Q, AND Q. ARE 1000V MOSFETs L 
Q, R + ¢ 
Vop 
1300 
F : | DUT 
Q, 
12V 
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1300 “— SENSE 
Vpp 


| = @ 
12V 


FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
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vemreowoe’™’* RHRG7590, RHRG75100 


April 1995 75A, 700V - 1000V Hyperfast Diodes 


Features Package 


¢ Hyperfast with Soft Recovery JEDEC STYLE TO-247 
¢ Operating Temperature 

e Reverse Voltage Up To 

e Avalanche Energy Rated aorroe 


e Planar Construction SIDE METAL) 


Applications 

¢ Switching Power Supplies 
¢ Power Switching Circuits 
¢ General Purpose 


Description 


RHRG7570, RHRG7580, RHRG7590 and RHRG75100 
(TA49068) are hyperfast diodes with soft recovery character- 
istics (tan < 85ns). They have half the recovery time of 
ultrafast diodes and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and hyperfast soft recovery minimize ringing and elec- 
trical noise in many power switching circuits reducing power 
loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRG7570 RHRG7580 RHRG7590 RHRG75100 UNITS 
Peak Repetitive Reverse Voltage 700 800 900 1000 V 
Working Peak Reverse Voltage 700 800 900 1000 V 
DC Blocking Voltage 700 800 900 1000 V 
A 


Average Rectified Forward Current 75 75 15 15 
(To = +52°C) 

Repetitive Peak Surge Current 150 150 150 150 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 750 750 750 750 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 190 190 190 190 
Avalanche Energy (L = 40mH) (See Figures 10 and 11) 50 50 50 50 
Operating and Storage Temperature ; -65 to +175 -65 to +175 -65 to +175 -65 to +175 
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Specifications RHRG7570, RHRG7580, RHRG7590, RHRG75100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
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DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxy based on a straight line from peak Ipy through 25% of Inj (See Figure 2). 
Qpr = Reverse recovery charge. 
C, = Junction capacitance. 
Rejc = Thermal resistance junction to case. 
Eay,_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I; 


V2 AMPLITUDE CONTROLS di,-/dt 
L, = SELF INDUCTANCE OF +V3 
Ra + Lioop ty > Stamax) 
t>trr 
+V; ios) 3 ta(MIN) 
10 
0 t ' it _ 
| 24tz h= 
wee! ty 
| ty I | | 
1 4 
| a. : 
1 | 
| | j~= ty 
1 oa 
0 1 ut 
Wu 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG7570, RHRG7580, RHRG7590, RHRG75100 


Typical Performance Curves 
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Ir, FORWARD CURRENT (A) 
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V-, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


Tc = +175°C 
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le, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 


CURRENT AT +175°C 


1000 
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In, REVERSE CURRENT (uA) 
= 


0.1 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc= +1 00°C 


t, RECOVERY TIMES (ns) 


l;, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


HYPERFAST 
SINGLE DIODES 


I-(AV), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RHRG7570, RHRG7580, RHRG7590, RHRG75100 


Typical Performance Curves (continued) 


800 
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C,, JUNCTION CAPACITANCE (pF) 


0 50 100 150 200 
Vp, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX = 1A 
L = 40mH 
R<0.10 
Eavi = 1/2L? [VaviAVavi - Yoo)! 
Q, AND Q. ARE 1000V MOSFETs 
R 
Q; +0 
Vop 
i 130Q 
F | DUT 
Q2 
12V 
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| -¢ 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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FARRIS 


SEMICONDUCTOR 


tt 


April 1995 


Features 
e Hyperfast with Soft Recovery 


¢ Operating Temperature 
e Reverse Voltage 
e Avalanche Energy Rated 


e Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RHRG75120 (TA49042) is a hyperfast diode with soft 
recovery characteristics (tar < 85ns). It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its 
low stored charge and hyperfast soft recovery characteristic 
minimize ringing and electrical noise in many power switch- 
ing circuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RHRG75120 TO-247 RHRG75120 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 
Average Rectified Forward Current 
(To = +41.3°C) 
Repetitive Peak Surge Current 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy 
(L = 40m) 
Operating and Storage Temperature 
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RHRG75120 


75A, 1200V Hyperfast Diode 


Package 
JEDEC STYLE TO-247 


ANODE 
CATHODE 
CATHODE 
(BOTTOM SIDE 
METAL) 


RHRG75120 UNITS 
1200 V 
1200 V 

1200 V 

A 


-65 to +175 


File Number 3414.2 


HYPERFAST 
SINGLE DIODES 


Specifications RHRG75120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


l- = 75A 
Vp = 1200V 


Vp = 1200V To = +150°C 


l- = 1A, di-/dt = 100A/us 


lp = 75A, di-/dt = 100A/us 


lp = 75A, dlp/dt = 100Aus 


le = 7T5A, dl,-/dt = 100A/us 


DEFINITIONS 


V_ = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
= Time frorn peak Ixy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ixy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse wicth. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Ry + Lioop R; ty > Sta(MAX) 
to > trr 
ty >0 


“ ta(MIN) 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG75120 


Typical Performance Curves 


1000 


- uAMPS 


“a “a ee een 
= c ae ra 
= = 10 T_T 
lw Lu EE Ga 
a ra ain See Sees) 
= = | a ee | 
a a a 
2 hy i 
= = ———— 
a r= ee 
as aa 
| ai eee 
0.0 0.5 1.0 165 2.0 2.5 3.0 3.5 4.0 4.5 0 200 400 600 800 1000 1200 
FORWARD VOLTAGE (Vp) - VOLTS ve4e04e6 REVERSE VOLTAGE (Vp) - VOLTS 1Re042 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 


VOLTAGE DROP 


- AMPS 


- ns 
- (IECAV)) 


Lv = 
uw ro 
— s 
a 
« 
: fs 
& Aa 
10 = 28 5 75 100 125 150 175 <x O 
FORWARD CURRENT (If) - AMPS area CASE TEMPERATURE - (Tp) - °C re D 
FIGURE 5. TYPICAL tpp, tg AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES a = 
CURRENT > © 
ZZ 
IMAX =1A ” 
L = 40mH 
R<0.10 
Eavi = V/2LP [VayiVavi - Yop) 
Q, AND Q, ARE 1000V MOSFETs : 
R 
Q; +@Q 
Vop 
1302 
F : 1 DUT 
il 
4— CURRENT 
1302 t SENSE 
Vpp 
ai 
12V ty ty to t _—_ 
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arms  RHRP840, RHRP850, 
SEMICONDUCTOR RHRP860 


aD 


April 1995 8A, 400V - 600V Hyperfast Diodes 
Features Package 
¢ Hyperfast with Soft Recovery................ <30ns JEDEC TO-220AC 
¢ Operating Temperature.................05. +175°C 
e Reverse Voltage Up To ...........: cece eens 600V 
ANODE 


e Avalanche Energy Rated 


e Planar Construction apateey 


CATHODE 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 
Description 


RHRP840, RHRP850 and RHRP860 (TA49059) are hyper- 

fast diodes with soft recovery characteristics (tap < 30ns). 

They have half the recovery time of ultrafast diodes and are K 
silicon nitride passivated ion-implanted epitaxial planar con- 

struction. 


Symbol 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER | PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


RHRP840 RHRP850 RHRP860 UNITS 
Peak Repetitive Reverse Voltage ............... 0. cece ee eee VRRM 400 500 600 V 
Working Peak Fevers VONEG6 2.2.06 necediuwneen eee eatenean Vrawem 400 500 600 V 
DE BIOCKING VONAGE ..ccs5seccucsas Kanne ene ceeeseatomena ees Vr 400 500 600 V 
Average Rectified Forward Current............ 0... ce eee eee ee lF(av) 8 8 . 8 A 
(To = +150°C) 
Repenive Peak SUMS CUMGM . 616 scrcarese sree ces sguaxvnns lesm 16 16 16 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current... 0.0... 0... cee eee ee eee lESm 100 100 100 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power DISSIDANON . 2.0.6 cca sec cat eect anes ine vne ees Pp 75 7 75 W 
Pualenche Ener t= 40OMA) once ees vcawecneses sete ex eedanes Fave 20 20 20 mj 
Operating and Storage Temperature..................0004. Tstg, Ty -65to +175 -65 to +175 -65 to +175 °C 


> 
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Specifications RHRP840, RHRP8&50, RHRP8&60 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
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= 1A, dig/dt = 100A/us 


I; = 8A, die/dt = 100A/us 


= BA, di/dt = 100A/us 
= BA, di-/dt = 100A/us 
= 8A, die/dt = 100A/us 
Vp = 10V, Ip =0A 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
a Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ipxyy (See Figure 2). 
ae = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figure 10 and Figure 11). 
pw = Pulse width. 
D = Duty cycle. 
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FIGURE 1. tag TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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HYPERFAST 
SINGLE DIODES 


RHRP840, RHRP8&50, RHRP8&60 
Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
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CURRENT AT +25°C CURRENT AT +100°C 


To = +175°C 


t, RECOVERY TIMES (ns) 
I(av), AVERAGE FORWARD CURRENT (A) 


Ir, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL tar, ta, AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT AT +175°C 
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RHRP8&40, RHRP8&50, RHRP8&60 


Typical Performance Curves (Continued) 


Cy, JUNCTION CAPACITANCE (pF) 


Vp, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 
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R < 0.12 
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Harris  _RHRP870, RHRP88O, 
sewiceousron  PHIRP890, RHRP8100 


April 1995 8A, 700V - 1000V Hyperfast Diodes 


uD 


Features Package 
e Hyperfast with Soft Recovery.............eseeeee: JEDEC TO-220AC 


Operating Temperature... ....... cc ee eee ee ee eee — 


Reverse Voutage UN 10: ne sveenscswosaewieseanenin CATHODE CATHODE 


Avalanche Energy Rated (FLANGE) 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 
Description 


RHRP870, RHRP880, RHRP890 and RHRP8100 (TA49060) are 
hyperfast diodes with soft recovery characteristics (tar < 60ns). 
They have half the recovery time of ultrafast diodes and are silicon 
nitride passivated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
hyperfast soft recovery minimize ringing and electrical noise in 
many power switching circuits reducing power loss in the switching 
transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RHRP870 TO-220AC RHRP870 


RHRP880 TO-220AC RHRP880 
RHRP890 TO-220AC RHRP890 
RHRP8100 TO-220AC RHRP8100 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRP870 RHRP880 RHRP890 RHRP8100 UNITS 

Peak Repetitive Reverse Voltage.................. 1000 V 
Working Peak Reverse Voltage .................. 1000 V 
DC BiOcking VONBOS. .ccivinseswstedeevanneuassaes 1000 V 
Average Rectified Forward Current ................ 8 A 

(To = +1 40°C) 
Repetitive Peak Surge Current.................-... 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.................. 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation .................0e0ee- 
Avalanche Energy (L=40mH).................... 
Operating and Storage Temperature ............ -65 to +175 -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3667.1 
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Specifications RHRP8&70, RHRP880, RHRP890, RHRP8100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
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ta lr = 8A, dl-/dt = 100A/us 


|- = 8A, di-/dt = 100A/us 
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DEFINITIONS 


le = 1A, dig/dt = 100A/us 
I; = 8A, di-/dt = 100A/us 


wl m1 pl ow 
falafelel | fff ake 
nm rep) = = nm 
wl mi pl w 
Telafelel | td teed 
o1 
ro) 
ro) 
= 
> 


ie) rep) ao 


a 
<a 
oe 
ca 
a 
a 
La 
LS 
Lz! 
na 
= 


i) ro) 
fo) ol 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing Of Ipyy based on a straight line from peak Ipy through 25% of IRjy (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figure 10 and Figure 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V, AMPLITUDE CONTROLS di,/dt 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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HYPERFAST 
SINGLE DIODES 


RHRAP870, RHRP8&80, RHRP8&90, RHRP&100 


Typical Performance Curves 


I-, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C 


t, RECOVERY TIMES (ns) 


l-, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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600 
Vp, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C 
125 


100 


t, RECOVERY TIMES (ns) 
o 
r—) 


I;, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tpr, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


I(javy, AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RHRP870, RHRP8&80, RHRP8&90, RHRP8&100 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 
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L = 40mH 
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FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT WAVEFORMS 
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FARRIS 


SEMICONDUCTOR 


Go 


April 1995 


Features 

e Hyperfast with Soft Recovery 
Operating Temperature 
Reverse Voltage 
Avalanche Energy Rated 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


The RHRP8120 (TA49096) are hyperfast diodes with soft 
recovery characteristics (tan < 55ns). They have half the 
recovery time of ultrafast diodes and are silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RHRP8120 TO-220AC RHRP8120 


NOTE: When ordering, use the entire part number. 


RHRP8120 


8A, 1200V Hyperfast Diode 


Package 
JEDEC TO-220AC 


ANODE 
CATHODE 
CATHODE 
(FLANGE) 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +126°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (L = 40mH) 
Operating and Storage Temperature 
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RHRP8120 
1200 
1200 
1200 

8 


16 


-65 to +175 


File Number 3660.1 
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Specifications RHRP8120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[scot [seniors 
a CLS OC 
ESS 


I; = 1A, di-/dt = 100A/us 


Ip = 8A, dig/dt = 100A/us Lo | 


I: = 8A, di-/dt = 100A/us 130 


Resc 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip, based on a straight line from peak Ipny through 25% of Ipyy (See Figure 2). 


Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V> AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF 

R4 + Lioop 


ty 2 Sta@max) 


+; ta(MIN) 
0 ' i] it 
| Site he 
wea! 
aoe. 
(oid 
| > I~<ts 
: 1 ol 
0 J it 
“Vo 
Vem ---- 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. tas WAVEFORMS AND DEFINITIONS 
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SINGLE DIODES 


RHRP8120 


Typical Performance Curves 
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RHRP8120 


Typical Performance Curves (Continued) 


Cj, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


L = 40mH 
R<0.12 
Eavi = 1/2LP [(Vavi(Vavi - Yoo) 
Q, AND Q, ARE 1000V MOSFETs 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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|) HARRIS 


CEJ seEmiconbDucToR 


April 1995 


Features 

e Hyperfast with Soft Recovery................ <35ns 
¢ Operating Temperature................000- +175°C 
* Reverse Voltage Ub TO oi ccsccceccevsancasas 600V 
e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RHRP1540, RHRP1550 and RHRP1560 (TA49061) are 
hyperfast diodes with soft recovery characteristics (tar < 
35ns). They have half the recovery time of ultrafast diodes 
and are silicon nitride passivated ion-implanted epitaxial pla- 
nar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


RHRP1540, RHRP1550, 
RHRP1560 


15A, 400V - 600V Hyperfast Diodes 


Package 
JEDEC TO-220AC 


ANODE 
CATHODE 


CATHODE 
(FLANGE) 


Symbol 


Absolute Maximum Ratings T,, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage............... cee eee ee ees 
Working Peak Reverse Voliage ......2-ccccseccansuscenaness 


DG BIOCHING VONAGE. «2 v0 ecde cave caewnaene nse t aden ane waswns 
Average Rectified Forward Current ............. 0.000000 e ee aee 


(To = +140°C) 


Repetitive Peak Surge Current.................. 000: 


(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current................- 02 ee eee 


(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation ............... 0000. c eee eee eee 
Avalanche Energy (L = 40mH)..... 2.2... ce eee 
Operating and Storage Temperature ....................... Tstq Ty 
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ale 400 


lee 30 30 30 


Pp 100 
Eavi 20 20 20 mj 


RHRP1540 
400 
400 


RHRP1550 
500 
500 
500 

lFvav) 15 15 15 


RHRP1560 UNITS 
600 V 
600 V 

600 V 

A 


> 


200 200 200 A 


100 100 W 


-65 to +175 -65 to +175 -65 to +175 i © 


3685.1 


File Number 
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Specifications RHRP1540, RHRP1550, RHRP1560 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


RHRP1540 RHRP1550 RHRP1560 


N 


Vr = 500V, To = +25°C 
Vr = 600V, To = +25°C 
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Rec 
DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300ps, D = 2%). 
lp = Instantaneous reverse current . 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of |_,4 based on a straight line from peak Ipyy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/dt R Te 
L, = SELF INDUCTANCE OF 1 1 A(MAX) 
Rg + Lioop a> tar 
Q 1 ts >0 
Ly < ‘A(MIN) 


10 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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HYPERFAST 
SINGLE DIODES 


RHRP1540, RHRP1550, RHRP1560 


Typical Performance Curves 


100 


10 


Ir, FORWARD CURRENT (A) 


Vr, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


To = +25°C 


Hid 
pamenel 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


25 


FIGURE 7. TYPICAL trp, ta AND ts CURVES vs FORWARD 
CURRENT AT +175°C 
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Ig, REVERSE CURRENT (1A) 


100 200 300 400 500 600 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +1 00°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


IFav)» AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RHRP1540, RHRP1550, RHRP1560 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


Imax = 1A 
L = 40mH 
R < 0.10 
Eave = 1/2LI? [VaviMVavi- Vpp)] R 
Q1 and Q2 ARE 1000V MOSFETS 
Q1 L 
+ 
1302 
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5 i| Vpp ke ul 
12V. Qe w OQ 
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f- CURRENT hee 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
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HARRIS RHRP1570, RHRP1580, 
semen es RHRP1590, RHRP15100 


aD 


April 1995 15A, 700V - 1000V Hyperfast Diodes 
Features Package 
¢ Hyperfast with Soft Recovery................ <60ns JEDEC TO-220AC 
¢ Operating Temperature..................-. +175°C 
R se Voltage Up To 1000V 4 ae 
e Reverse VOIAGE UP 10 .. ww we ween ewer nee CATHODE 


¢ Avalanche Energy Rated eee <oS Ca 
e Planar Construction (FLANGE; SS LG 


Applications. 7 


¢ Switching Power Supplies 
¢ Power Switching Circuits 
e General Purpose 


Symbol 
Description 


RHRP1570, RHRP1580, RHRP1590 and RHRP15100 
(TA49062) are hyperfast diodes with soft recovery character- 
istics (tana < 60ns). They have half the recovery time of 
ultrafast diodes and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PART NUMBER [ PACKAGE [| _@RAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRP1570 RHRP1580 RHRP1590 RHRP15100 UNITS 
Peak Repetitive Reverse Voltage........... VeRM 700 800 900 1000 V 
Working Peak Reverse Voltage ............ VRwM 700 800 900 1000 
DG BIGCKING VENAGRs si coscecescavavanasas ss Vp 700 800 900 1000 
Average Rectified Forward Current ......... lE(av) 15 15 15 15 
(To = +130°C) 
Repetitive Peak Surge Current.............. lEsm 30 30 30 30 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current........... lesm 200 200 200 200 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ................ Pp 100 100 100 100 W 
Avalanche Energy (L = 40mH)............. EaVL 20 20 20 20 mj 
Operating and Storage Temperature ..... Tsta, Ty -65 to +175 -65 to +175 -65 to +175 -65 to +175 ¢ 


><c 
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Specifications RHRP1570, RHRP1580, RHRP1590, RHRP15100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
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DEFINITIONS 
V- = Instantaneous forward voltage (pw = 300ps, D = 2%). 
IR = Instantaneous reverse current. 
tap = Reverse recovery time (Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
ts = Time from peak Ipy to projected zero crossing of Ipiy based on a straight line from peak Ipy through 25% of Ipxy (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, 
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FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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8 ns 


HYPERFAST 
SINGLE DIODES 


RHRP1570, RHRP1580, RHRP1590, RHRP15100 


Typical Performance Curves 


ir, FORWARD CURRENT (A) 


V-, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT AT 25°C 


To = +175°C 


t, RECOVERY TIMES (ns) 


l-, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL trp, tag AND tg CURVES vs FORWARD 
CURRENT AT 175°C 


Ig, REVERSE CURRENT (/A) 


0 200 400 600 800 1000 
Vr_, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tec = +100°C 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT AT 100°C 


lev)» AVERAGE FORWARD CURRENT (A) 


To, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RHRP1570, RHRP1580, RHRP1590, RHRP15100 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 
L = 40mH 
R<0.10 
Eavi = 1/2LP [VaviVavi - Yop)! 
Q, & Q, ARE 1000V MOSFETs Q, L R 44 
Vpp 
1302 
f i | DUT 
sav 
SL Ww 
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1302 + SENSE oO 
ui 
Vv 
; DD > G} 
I| ? rz 
12V to ty to t—> Tp) 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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@ HARS RHRP15120 


April 1995 15A, 1200V Hyperfast Diode 
Features Package 
¢ Hyperfast with Soft Recovery................ <65ns JEDEC TO-220AC 
¢ Operating Temperature...............0008- +175°C ANODE 


CATHODE 
* Reverse VONRO6 «65. iwiciscccesnccesevaneas 1200V CATHODE 

(FLANGE) 
¢ Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies Svmbol 
ymbo 


¢ Power Switching Circuits 


¢ General Purpose K 


Description 


The RHRP15120 (TA49098) are hyperfast diodes with soft 
recovery characteristics (tar < 65ns). They have half the 


recovery time of ultrafast diodes and are silicon nitride passi- . 
vated ion-implanted epitaxial planar construction. 
These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 
PACKAGING AVAILABILITY 

PART NUMBER | PACKAGE BRAND 

RHRP15120 TO-220AC RHR15120 
NOTE: When ordering, use the entire part number. 
Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 

RHRP15120 UNITS 

Peak Repetitive Reverse Voltage... . 1... ce cc ee ee ees VerRM 1200 Vv 
Working Peak Reverse Voltage ............. 2 cece eee eee nee VRWM 1200 V 
DG BIOGKING VONAGG wesc d pete eeie wre pear nade Piaeeenacenys Vr 1200 V 
Average Rectified Forward Current ........... 0.00.0 ee eee eee lF(Av) 15 A 

(Tc= 130°C) 
Repetitive Peak Surge Current.......... 0.0... eee lesm 30 A 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.......... 0... e eee eee lesm 200 A 

(Halfwave, 1 Phase, 60Hz) 
Maamum Power DISSINAIION 2.0... i<0nscuscns eet oe se eegonenes Pp 100 W 
Avalanche Energy (L = 40MH).......... 0... . eee eee eee EavL 20 mj 
Operating and Storage Temperature ..................00058. Tstq@ Ty -65 to +175 a & 

Copyright © Harris Corporation 1995 File Number 3677.1 
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Specifications RHRP15120 


Electrical Characteristics 1, = +25°C, Unless Otherwise Specified 


TEST CONDITION 


Ip = 15A, To = +150°C 


Vg = 1200V, To = +25°C 


Ve = 1200V, Te = +150°C 


lp = 1A, dig/dt = 100A/us 


I; = 15A, dig/dt = 100A/us 


Ip = 15A, dig/dt = 100A/us 


Iz = 15A, dip/dt = 100A/us 


Reuc 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lm = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ip to projected zero crossing of Ipxy based on a straight line from peak Ixy through 25% of Iprjy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 


D = duty cycle. 
~” 
pe W 
Te) 
< O 
V, AMPLITUDE CONTROLS I; r ral 
V2 AMPLITUDE CONTROLS di,/dt wi Ww 
L, = SELF INDUCTANCE OF +V3 oO 
1 (MAX) — 
t2>trr o 
tz >0 
+V, Ly _ ta(min) 
0 1 1 i 
| Zak He 
west ty 
| ty | uF 
| | 
: | 1! 
ee 
ji 
I 1 ol 
0 1 ou 


Vam ---- 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRP15120 


Typical Performance Curves 
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RHRP15120 


Typical Performance Curves (Continued) 
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Cj, JUNCTION CAPACITANCE (pF) 
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Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


L = 40mH 
R<0.12 
Eavi = 1/2LF [(VaviVavi - Yoo) 
Q, AND Q, ARE 1000V MOSFETs : 
Q, R 44 
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F i 1 DUT 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 
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HYPERFAST 
SINGLE DIODES 


7) HARRIS RHRP3040, RHRAP3050, 
SEMICONDUCTOR RHRP3060 


April 1995 30A, 400V - 600V Hyperfast Diodes 


Features Package 

e Hyperfast with Soft Recovery JEDEC TO-220AC 
Operating Temperature ANODE 
Reverse Voltage Up To CATHODE CATHODE 
Avalanche Energy Rated FLANGE) 


Planar Construction 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


RHRP3040, RHRP3050 and RHRP3060 (TA49063) are hyper- 
fast diodes with soft recovery characteristics (tap < 40ns). They 
have half the recovery time of ultrafast diodes and are silicon 
nitride passivated ion-implanted epitaxial planar construction. 


These devices are intended for use as_ freewheeling/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C, Unless Otherwise Specified 


RHRP3040 RHRP3050 RHRP3060 UNITS 

Peak Repetitive Reverse Voltage 400 500 600 V 
Working Peak Reverse Voltage 400 500 600 V 
DC Blocking Voltage 400 500 600 V 
Average Rectified Forward Current 30 30 30 A 

(To = +120°C) 
Repetitive Peak Surge Current 70 70 70 

(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 325 325 325 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation i125 125 125 
Avalanche Energy (See Figures 10 and 11) 20 20 20 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3933.1 
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Specifications RHRP3040, RHRP3050, RHRP3060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current . 
tap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ipy through 25% of Ip (See Figure 2). 
Qrr = Reverse recovery charge. 
Cy = Junction Capacitance. 
Rgjc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V> AMPLITUDE CONTROLS di,/dt 


L, = SELF INDUCTANCE OF +V3 
Ry + Lioop Ry t, 2 Sta(MAX) 
> trr 
ty >0 
“ — 24 
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FIGURE 1. tana TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


7-79 


- 
re 
LL 
o 
Lu 
oO. 
> 
= = 


SINGLE DIODES 


RHRP3040, RHRP3050, RHRP3060 


Typical Performance Curves 
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RHRP3040, RHRP3050, RHRP3060 


Typical Performance Curves (continued) 


C,;, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 
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HARRIS 


SEMICONDUCTOR 


April 1995 


Features 

¢ Hyperfast with Soft Recovery 
Operating Temperature 
Reverse Voltage Up To 
Avalanche Energy Rated 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


RHRP3070, RHRP3080, RHRP3SO90 and RHRP30100 
(TA49064) are hyperfast diodes with soft recovery character- 
istics (tap < 65ns). They have half the recovery time of 
ultrafast diodes and are silicon nitride passivated ion- 


implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 


ing power loss in the switching transistors. 
PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE | SRAND 


NOTE: When ordering, use the entire part number. 


Package 
JEDEC TO-220AC 


ANODE 


LA CATHODE 
(FLANGE) SS 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current 
(To = +95°C) 

Repetitive Peak Surge Current 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy (See Figures 10 and 11) 

Operating and Storage Temperature 


Copyright © Harris Corporation 1995 


RHRP3070 RHRP3080 RHRP3O90 RHRP30100 UNITS 


900 1000 
1000 
1000 

30 


70 


325 


125 125 125 125 
20 20 20 20 


Tsta, Ty -65to+175 -65to+175 -65to+175 -65to +175 


File Number 
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RHRP3070, RHRP3080, 
RHRP3090, RHRP30100 


30A, 700V - 1000V Hyperfast Diodes 


V 


V 
V 
A 


3940.1 


Specifications RHRP3070, RHRP3080, RHRP3090, RHRP30100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


RHRP3070 RHRP3080 RHRP3090 RHRP30100 


Vr = 7OOV, Tc oe +25°C 
Vr = B00V, To = +25°C 


Va = 900V, To = +25°C 


NI] OD = es nm] 
ie) ayn ro) oO alo 
_ NM el 
wi ow 
SO] S1 aS1 a < 
o| Oo a | 
at I] m> sol o wd 
ie) aya o>) oO at oO 
=] np = 
Oo} of 2] & < 
i it ol = = nm] wo 
ne) aTato oO 8 io) 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tap = Reverse recovery time (Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ixy to projected zero crossing of IR based on a straight line from peak Ipy through 25% of Ipy (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rojc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


HYPERFAST 
SINGLE DIODES 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di,-/dt 


L, = SELF INDUCTANCE OF +V3 
Rg + Lioop R, ty > Starmax) 
t2>tkr 
ty >0 
+; ty. taminy 
| R 10 
0 : 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRP3070, RHRP3080, RHRP3090, RHRP30100 


Typical Performance Curves 


ir, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


Ip, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL trap, tg AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C 


t, RECOVERY TIMES (ns) 
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FIGURE 6. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RHRP3070, RHRP3080, RHRP3090, RHRP30100 


Typical Performance Curves (continued) 


250 
200 
150 


100 


Cj, JUNCTION CAPACITANCE (pF) 


50 100 150 200 
Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 
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Borst RHRP30120 


aD 


April 1995 30A, 1200V Hyperfast Diode 
Features Package 
e Hyperfast with Soft Recovery................ <65ns JEDEC TO-220AC 
e Operating Temperature ..........cceseneees +175°C ANODE 


CATHODE 


* Reversed VOMAUG iis cxccdvaxvensess cb deewes 1200V earaone LL 
e Avalanche Energy Rated “= GS 
Planar Construction Se 

| <é Z 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits Symbol 


e General Purpose K 


Description 


The RHRP30120 (TA49041) is a hyperfast diode with soft 

recovery characteristics (tan < 65ns).It has half the recovery 

time of ultrafast diodes and is silicon nitride passivated ion- A 
implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its low 
stored charge and hyperfast soft recovery minimize ringing and 
electrical noise in many power switching circuits, reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RHRP30120 TO-220AC RHR30120 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C 
RHRP30120 UNITS 


PORK AGDGHUVG FGVEISS VOREOG hc cc vac baw hehe RON odes DEW HER SERENE RD RdO ORE ORE R REE RS VrRM 1200 V 

WONG PORK FRGVEISS VONBUG c1scscikectas sews sive ees kN eed 68 de eH Ree eee he eae RON We Vawm 1200 V 

De BOCK) WONRGGs 6 cinco a do veo. ee Okie ne WEDS OK RED RN CO od ORE DEG REEDS wal HE ONDE EE BESS Vr 1200 V 

AveiIags TOchhied FONG CUNTONE 22 sccdcewna ad oa haces skier es ek Ri a EERE OR DESO ESO ERE wR BS lE(av) 30 A 
(To = +78°C) 

Rapetiive Peak Surge Current. o.06 see es ak eee sods eases caw ee ew EERE RA OE ROOK KEK Oa OHS lesm 60 A 
(Square Wave, 20kHz) 

NORepelive Peak SUIS GUNG . oho x cde sede eee dds oe Eee eee eee eee TERE Owed REO de Hes lEsm 300 A 
(Halfwave, 1 Phase, 60Hz) 

PRT POWS! WSU coed ees sone sree ns be knwned eee seee uns O h28 she ween ee Ks oS Pp 125 W 

Avalenee ENOGy C.K AGM) «cxtcreunewereneehe i peer oneness Coen ees hone ee da Nhe es Ree wR Eavi 30 mj 

Operating Gna Sage Tapia «0:0 05s nsan open sedc kowsdwd sheen ean een nawne Cannes Tsta Ty  -65to +175 °C 
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Specifications RHRP30120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


LIMITS 


Ve = 1200V To = +150°C 


I; = 1A, dig/dt = 100A/us 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lk = Instantaneous reverse current. 
tan = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipxq based on a straight line from peak Ip through 25% of IRjy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V> AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF 

Ry + Lioop 


ty 2 Stacmax) 


HYPERFAST 
SINGLE DIODES 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRP30120 


Typical Performance Curves 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


a RHRU5040, 
GD sewiconveren PHYRU5050, RHRU5060 


April 1995 50A, 400V - 600V Hyperfast Diodes 
Features Package 
¢ Hyperfast with Soft Recovery................ <45ns JEDEC STYLE TO-218 
¢ Operating Temperature................506. +175°C ANODE 
* Reverse Voltage Up To ....ccccsccsssecrssuns 600V 
e Avalanche Energy Rated CATHODE 


. (FLANGE) 
e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose Symbol 


Description K 


RHRU5040, RHRU5050 and RHRU5060 (TA49065) are 
hyperfast diodes with soft recovery characteristics 
(tan < 45ns). They have half the recovery time of ultrafast 
diodes and are silicon nitride passivated ion-implanted epi- 
taxial planar construction. A 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


RHRU5040 RHRU5050 RHRU5060 UNITS 
Peak Repetitive Reverse Voltage ................. Vero 400 500 600 V 
Working Peak Reverse Voltage................... VRWM 400 500 600 V 
DC SIOGKiNG VONGOES « cccacciunvitwuvdsewesebenaes Vr 400 500 600 V 
Average Rectified Forward Current................ lF(AV) 50 50 50 A 
(To = +93°C) 
Repetitive Peak Surge Current .................... lesm 100 100 100 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.................. lesm 500 500 500 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ..................00 06. Pp 150 150 150 W 
Avalanche Energy (L = 40mH).................... E avi 40 40 40 mj 
Operating and Storage Temperature............ Tsta@ Ty -65 to +175 -65 to +175 -65 to +175 “C 
Copyright © Harris Corporation 1995 File Number 3919.1 


7-89 


Specifications RHRU5040, RHRU5050, RHRU5060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 
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DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipay to projected zero crossing of Ip, based on a straight line from peak Ipy through 25% of Ips, (See Figure 2). 
Rgjc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


°C/W 


V, AMPLITUDE CONTROLS I; 


V2 AMPLITUDE CONTROLS di;-/dt 
L, = SELF INDUCTANCE OF +V3 
Rg + Lioop R, t, 2 Sta(MAXx) 
t2>trr 
ts >0 
+V; laid : ta(MIN) 
| 10 
0 ! 1 it = 
| 24k He 
ee 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRU5040, RHRU5050, RHRU5060 


Typical Performance Curves 
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CURRENT AT +175°C 
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HYPERFAST 
SINGLE DIODES 


RHRU5040, RHRU5050, RHRU5060 
Typical Performance Curves (continued) 
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FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 
L=40mH 
R<0.1Q 
Eavi = 1/2LP [Vavi(Vavi - Yoo) 
Q, AND Q, ARE 1000V MOSFETs 


Q, LR og 
Vpp 
: 1302 
F | = DUT 
2 
12V 
q- CURRENT 
130Q “— SENSE 
Vpp 
| -¢ 
tev ty ty to t-_—> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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Harris RHRU5070, RHRU5080, 
semieene¥e'O® PHIRU5090 RHRUS5S0100 


April 1995 50A, 700V - 1000V Hyperfast Diodes 
Features Package 
¢ Hyperfast with Soft Recovery................ <75ns JEDEC STYLE TO-218 
e Operating Temperature.................... +175°C 
e Reverse Voltage Up To .......... cee eee eee 1000V 


e Avalanche Energy Rated 
CATHODE 


e Planar Construction (FLANGE) 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


RHRUS5070, RHRU5080, RHRUSO90 and RHRUSO100 | Symbol 

(TA49066) are hyperfast diodes with soft recovery character- 

istics (tan < 75ns). They have half the recovery time of K 
ultrafast diodes and are silicon nitride passivated ion- 

implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 

ing diodes and rectifiers in a variety of switching power sup- 

plies and other power switching applications. Their low 

stored charge and hyperfast soft recovery minimize ringing 

and electrical noise in many power switching circuits reduc- A 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 
RHRU5070 RHRU5080 RHRUS5SO9O0 RHRU50100 UNITS 


Peak Repetitive Reverse Voltage ............ 0.0... cee eee eee VrRM 700 800 900 1000 V 

Working Peak Reverse Voltage... 2.66 -senccnneeecrcsnewcecu Vawem 700 800 900 1000 V 

DG BIGCKIG YOURS 064 <cee ace cetew ee ea antesingatscave ec ker ens Vr 700 800 900 1000 V 

Average Rectified Forward Current.................. 000 e ee eee lF(av) 50 50 50 50 A 
(Tc = +65°C) 

Repetitive Peak Surge Current................ 0c eee eee ees lesm 100 100 100 100 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ...................00 22 eeeee lesm 500 500 500 500 A 
(Halfwave, 1 Phase, 60Hz) 

MAMI POWE? DISSIDOUON . c620 ccnccceasavsiud ee eRe bun e+ ee es Pp 150 150 150 150 W 

Avalanche Energy (L= 40MM) 2.6... cscasseccasnccevewenewe E avi 40 40 40 40 mj 

Operating and Storage Temperature...................00-- Tstg, Ty -65to +175 -65to+175 -65to+175 -65to+175 °C 
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Specifications RHRU5070, RHRU5080, RHRU5090, RHRU50100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
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Vp = 700V, To = +150°C 
Vp = 800V, To = +150°C 
Ve = 900V, To = +150°C 
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lp = 50A, di-/dt = 100A/us 


ta Ip = 50A, di-/dt 100A/us 
|- = 50A, dl-/dt = 100A/us 


l- = 50A, di-/dt = 100A/us 
Cy VrR=10V, lp =0A 
i ee a 
DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipxy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ipny (See Figure 2). 
Reyc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy (See Figure 10 and Figure 11). 
pw = Pulse width. 
D = Duty cycle. 
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V, AMPLITUDE CONTROLS I, +V3 
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Ra + Lioop cot 
+Vy Ly taminy 
Rg 10 
0 J L 
' ' La 
| itr 
I 
Pou 
| 1 ofl 
| tot 
| |zHI~<« ts 
| 1 ott 
6 t it 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. WAVEFORMS AND DEFINITIONS 
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RHRUS5070, RHRU5080, RHRU5090, RHRU50100 


Typical Performance Curves 


| | a Ca MR (RNS FA 


100 


< 
E +100°C -— 
Ww 
cx 
fog 
= 
oO 
c 10 
> 
c 
re) 
Le 
a 
1 
0 0.5 1 1.5 2 2.5 3 3.5 4 
Ve, FORWARD VOLTAGE - (V) Vp, REVERSE VOLTAGE - (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE VOLT- 
VOLTAGE DROP AGE 
To = +100°C 
200 
2 2 
£ +> 150 
i?) ” 
Ww Ww 
= = 
= - 
ra ? 100 
Ww Wu 
> > 
re) re) 
oO oO 
z # 
a = 50 
7p) 
0 Wl 
26 
lr, FORWARD CURRENT - (A) I, FORWARD CURRENT - (A) mi ra] 
FIGURE 5. TYPICAL trap, ta AND tg CURVES vs FORWARD FIGURE 6. TYPICAL tpr, ta AND ts CURVES vs FORWARD Lu “a 
CURRENT AT +25°C CURRENT AT +100°C - Oo 
rz 
7p) 
To = +175°C 
400 < 
- 
gl z= 
z 
a 300 oc 
it 3 
: 2 
= 
< 
200 = 
Ww 
2 ° 
oO Ww 
g 
S 
* 
0 z 
l-, FORWARD CURRENT - (A) Tc, CASE TEMPERATURE - (°C) 
FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT AT +175°C 


7-95 


RHRU5+070, RHRU5080, RHRU5090, RHRU50100 


Typical Performance Curves (Continued) 


Cj, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


L = 40mH 
R < 0.12 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 
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HARRIS RHRUS0120 


wD 


April 1995 50A, 1200V Hyperfast Diode 
Features Package 
¢ Hyperfast with Soft Recovery................ <85ns SINGLE LEAD JEDEC STYLE TO-218 
e Operating Temperature..............e0008- +175°C 
© ABVETSO VONAGE ciscciccacivinscescvessanen 1200V 


e Avalanche Energy Rated 


e Planar Construction CATHODE 
(FLANGE) 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description 


The RHRU50120 (TA49100) are hyperfast diodes with soft 

recovery characteristics (tan < 85ns). They have half the K 
recovery time of ultrafast diodes and are silicon nitride passi- 

vated ion-implanted epitaxial planar construction. 


Symbol 


These devices are intended for use as freewheeling/clamp- 

ing diodes and rectifiers in a variety of switching power sup- 

plies and other power switching applications. Their low A 
stored charge and hyperfast soft recovery minimize ringing 

and electrical noise in many power switching circuits reduc- 

ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RHRU50120 TO-218 RHRU50120 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRUS50120 UNITS 
Peak Repetitive Reverse Voltage... 02s. cise sce stswwrseunaeweecaew aaa Varm 1200 V 
Vvoming Peak AGVGISS VONSKG). isc cscecntvens dened baw anak tin ewes oes VRWM 1200 V 
OS RISER VONEO sds. c'en df dune ined hess were eau he se Rea bves eos eaten sarees Vr 1200 V 
Averabe Rectihiod Forward CUNGH 14 c.ccusceesen enya wed er ewl week eee eee lF(AV) 50 A 
(Tc = 50°C) 
Repetitive Peak Suige GUNG. 20 icc tensed ene ete ee eee Rew es wee eee eS lEsm 100 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current... 6.5. c secre esses eeaw ese ese seeeenews lESm 500 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power DISSIPGUON .2.06560. 02a kand aioe eeee seddw nea saan ween amd ane Pp 150 Ww 
Avalanche Energy (See Figures 10 and 11).............. cece eee eee eee Eavi 50 mj 
Operating and Storage TEMperaiure:. ....ccnccsceesesussecerenssnsenare Tst@ Ty -65 to +175 °C 
Copyright © Harris Corporation 1995 File Number 3946.1 
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Specifications RHRU50120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


RHRU50120 LIMITS 


TEST CONDITION 


Iz = 1A, dig/dt = 100A/us 
I- = 50A, di-/dt = 100A/us 
lz = 50A, dif/dt = 100A/us 


I; = 50A, di-/dt = 100A/us 


Reuc 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipyy to projected zero crossing of Ipxq based on a straight line from peak Ipy through 25% of Ipay (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF +V3 
Ry si LLoop R, ty 2 Sta(MAX) 
th> tar 
ts >0 


Vea = = = = 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRU50120 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 5. TYPICAL trap, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 
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Ir(av)» AVERAGE FORWARD CURRENT (A) 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C 
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i-, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, t, AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE 
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SINGLE DIODES 


RHRUS50120 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IMAX = 1A 
L=40mH 
R<0.19 
Evi = 1/2L? (VayiVavi - Yoo)! 
Q, AND Q2 ARE 1000V MOSFETs L 
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- 1300 
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12V to ty to t-> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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Harric RHRU7540, RHRU7550, 
SEMICONDUCTOR RHRU7560 


April 1995 75A, 400V - 600V Hyperfast Diodes 


Features Package 
e Hyperfast with Soft Recovery SINGLE LEAD JEDEC STYLE TO-218 
Operating Temperature 


Reverse Voltage Up To 


CATHODE 


Avalanche Energy Rated (FLANGE) 


Planar Construction 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Description 


RHRU7540, RHRU7550 and RHRU7560 (TA49067) are 
hyperfast diodes with soft recovery characteristics 
(tan < 55ns). They have half the recovery time of ultrafast 
diodes and are silicon nitride passivated ion-implanted epi- 
taxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRU7540 RHRU7550 RHRU7560 UNITS 
Peak Repetitive Reverse Voltage 400 500 600 
Working Peak Reverse Voltage 400 500 600 
DC Blocking Voltage 400 500 600 
Average Rectified Forward Current 75 75 75 
(To = +80°C) 
Repetitive Peak Surge Current 150 150 150 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 750 750 750 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 190 190 190 
Avalanche Energy (See Figures 10 and 11) 50 50 50 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3945.1 
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Specifications RHRU7540, RHRU7550, RHRU7560 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 
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TEST CONDITION 


Ve = 500V, To = +25°C 
Vp = 600V, Te = +25°C 
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DEFINITIONS 


Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of tg + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipyy to projected zero crossing of Ipaq based on a straight line from peak Ixy through 25% of Ixy (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Easy = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I- 
V2 AMPLITUDE CONTROLS di,-/dt 
L, = SELF INDUCTANCE OF 


Ra + Lioop R, 


ty Staqmax) 
ty > tar 


tz >0 
+Vy Ey 6 tamin) 
R 10 
0 4 
1 i] it 
) wit r= 
wee! ly 
| ty | uP 
l ! 
: | i! 
l i! 
| ) > Im ty 
| | 
0 \ 


Yeu * eo = 
FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRU7540, RHRU7550, RHRU7560 


Typical Performance Curves 
300 


100 


l-, FORWARD CURRENT (A) 


V-, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


Ie, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C 


t, RECOVERY TIMES (ns) 


Ip, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 


lg, REVERSE CURRENT (1A) 


100 200 300 400 
Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


Tc = +1 00°C 


t, RECOVERY TIMES (ns) 


I, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


HYPERFAST 
SINGLE DIODES 


IF(av), AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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RHRU7540, RHRU7550, RHRU7560 


Typical Performance Curves (continued) 


C;, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


L = 40mH 
R<0.10 
Eave = 1/2L? [VaviAVav - Von) 
Q, AND Q, ARE 1000V MOSFETs 
i. R 
Q; +@Q 
Vop 
i 1302 
f | DUT 
Q2 
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Vop 
| =-¢6 
12V 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORM 
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FARRIS 


SEMICONDUCTOR 


April 1995 
Features 
e Hyperfast with Soft Recovery................ <85ns 
¢ Operating Temperature ...............0000. +175°C 
e Reverse Voltage Up To ...............ee cues 1000V 


e Avalanche Energy Rated 


e Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RHRU7570, RHRU7580, RHRU7590 and RHRU75100 
(TA49068) are hyperfast diodes with soft recovery character- 
istics (tap < 85ns). They have half the recovery time of 
ultrafast diodes and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


RHRU7570, RHRU7580, 
RHRU7590, RHRU75100 


75A, 700V - 1000V Hyperfast Diodes 


Package 


JEDEC STYLE TO-218 


CATHODE 
(FLANGE) 


Symbol 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRU7570 RHRU7580 RHRU7590 RHRU75100 UNITS 


Peak Repetitive Reverse Voltage ............. cee eee eee eee Vero 700 800 900 1000 V 

Working Peak Reverse Voltage ............... cece eee eee Veaweo 700 800 900 1000 V 

DG BIOCKING VONAGE. 6c src ce sacdsmwien eee sade eee EMR REs KS Vr 700 800 900 1000 V 

Average Rectified Forward Current........... 0.0.0.0 cece eens lea) 75 75 75 75 A 
(To = +52°C) 

Repetitive Peak Sure CUWWGM « 2c. 6sesnaese sc tvea nce se geseees lESm 150 150 150 150 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current ............. 000 cece eee ees lEsm 750 750 750 750 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation. 42.006 .secscsven cess esas ssauws Pp 190 190 190 190 W 

Avalanche Energy (L = 40mH) (See Figures 10 and 11) .......... Eavi 50 50 50 50 mj 

Operating and Storage Temperature .................0004. Tstg, Ty -65to+175 -65to+175 -65t0+175 -65to+175 °C 
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HYPERFAST 
SINGLE DIODES 


Specifications RHRU7570, RHRU7580, RHRU7590, RHRU75100 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


[aan [VP [WAX] WIN [TWP [MAK] WN [ TYP [ WAX | Uns 
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Vp = 900V, To = +150°C 
Vr =: 1000V, To =+1 50°C 
le = 1A, di-/dt = 100A/ys 
lp = 75A, dip/dt = 100A/us 
le = 75A, di¢/dt = 100A/us 
le = 75A, di-/dt = 100A/us 
l- = 75A, di-/dt = 100A/us 
Va = 10V, Ip =0A | 220 | 
DEFINITIONS 
V_ = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of |pyy based on a straight line from peak Ipxy through 25% of IR (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction capacitance. 
Rgjc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, 
V> AMPLITUDE CONTROLS di,/dt 


L, = SELF INDUCTANCE OF +V3 
Ra+ LLoop R, t 2 Sta(mMAax) 
to > tar 
ty >0 
+; Ly _ ta(min) 
rT a <a 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRU7570, RHRU7580, RHRU7590, RHRU75100 
Typical Performance Curves 
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RHRU7570, RHRU7580, RHRU7590, RHRU75100 


Typical Performance Curves (continued) 
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FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 
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a HARRIS RHRU75120 


April 1995 75A, 1200V Hyperfast Diode 


Features Package 

e Hyperfast with Soft Recovery JEDEC STYLE TO-218 
¢ Operating Temperature 

e Reverse Voltage 


Avalanche Energy Rated CATHODE 


Planar Construction (FLANGE) 


Applications 


e Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


The RHRU75120 (TA49042) is a hyperfast diode with soft 
recovery characteristics (tar < 85ns). It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its 
low stored charge and hyperfast soft recovery minimize ring- 
ing and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 
RHRU75120 TO-218 RHRU75120 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings TT, = +25°C 


RHRU75120 UNITS 

Peak Repetitive Reverse Voltage 1200 V 
Working Peak Reverse Voltage 1200 V 
DC Blocking Voltage 1200 V 
Average Rectified Forward Current 15 A 

(To = +46°C) 
Repetitive Peak Surge Current 150 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 

(Halfwave, 1Phase, 60Hz) 
Maximum Power Dissipation 
Avalanche Energy 

(L = 40mh) 
Operating and Storage Temperature -65 to +175 
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Specifications RHRU75120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


TEST CONDITION 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lm = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current at (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipxy based on a straight line from peak Ipxy through 25% of Ipny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/dt 


L,=SELFINDUCTANCEOFR, 1 : : aa 
e Lioop ty > 0 


L, t 
wv 1 _ta(MIN) 
TL ae “a 
0 
' i] it 
1 ite n= 
~<a} | 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRU75120 


Typical Performance Curves 
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a RHRU10040, 
seurcowoveror —_ RHRU10050, RHRU10060 


aD 


April 1995 100A, 400V - 600V Hyperfast Diodes 

Features Package 
e Hyperfast with Soft Recovery............... < 50ns JEDEC STYLE TO-218 
¢ Operating Temperature..............500005 +175°C — 
e Reverse Voltage Up to... ..... cece eee ncnnees 600V 
e Avalanche Energy Rated 
Pt ‘ CATHODE 

Planar Construction (FLANGE) 

= 


Applications 
e Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose Symbol 
— K 
Description 
RHRU10040, RHRU10050 and RHRU10060 (TA49069) are 
hyperfast diodes with soft recovery characteristics (tap < 50ns). 
They have half the recovery time of ultrafast diodes and are sili- 
con nitride passivated ion-implanted epitaxial planar construc- A 
tion. 
These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
hyperfast soft recovery minimize ringing and electrical noise in 
many power switching circuits, reducing power loss in the switch- 
ing transistors. 
PACKAGING AVAILABILITY 
PARTNUMBER | PACKAGE _ BRAND 
RHRU10040 TO-218 RHRU10040 
RHRU10050 TO-218 RHRU10050 
RHRU10060 TO-218 RHRU10060 
NOTE: When ordering, use the entire part number. 
Absolute Maximum Ratings T,.=+25°C 
RHRU10040 RHRU10050 RHRU10060 UNITS 
Peak Repetitive Reverse Voltage.................. Verm 400 500 600 V 
Working Peak Reverse Voltage .................. VRwM 400 500 600 V 
DG BIOCKING VONAGE... 2s0s erie cevesen scanned wnwe Vr 400 500 600 V 
Average Rectified Forward Current ................ lF(AV) 100 100 100 A 
(To = +60.8°C) 
Repetitive Peak Surge Current.................000. lESm 200 200 200 A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current.................. lESM 1000 1000 1000 A 
(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation ................0.00000- Pp 210 210 210 WwW 
PVEISNCNS ENGIGY 5.20602 cncxandusasrdaesnedu an EavL 50 50 50 mj 
(L = 40mH) 
Operating and Storage Temperature............ Tsta Ty -65 to +175 -65 to +175 -65 to +175 a & 
Copyright © Harris Corporation 1995 File Number 3572.2 


7-112 


Specifications RHRU10040, RHRU10050, RHRU10060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


RHRU10040 LIMITS RHRU10050 LIMITS RHRU10060 LIMITS 
roan [ve [wm [im [ve [wa [on [ve [wor | ver 
a 


TEST 
CONDITION 


SYMBOL 
Ve Ip = 100A 


< 


F lp = 100A To T= +150°C 


Vp = 400V 
= 600V 
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1}oudou 
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Va= 500V 


=, 
> 


= = 


VR=600V |To=+150°C 
I = 1A, dip/dt = 100A/us 


le = 100A, di-/dt = 100A/us 


I- = 100A, di-/dt = 100A/us 
le = 100A, di-/dt = 100A/us 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipiy based on a straight line from peak Ipy through 25% of Inn (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eavi = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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HYPERFAST 
SINGLE DIODES 


RHRU10040, RHRU10050, RHRU10060 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 


VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


lr, — a (A) 


00 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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to ty to t 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 


a HARRIS RHRU100120 


April 1995 100A, 1200V Hyperfast Diode 


Features Package 

e Hyperfast with Soft Recovery JEDEC STYLE TO-218 
Operating Temperature 
Reverse Voltage 


Avalanche Energy Rated CATHODE 


Planar Construction (FLANGE) 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


The RHRU100120 (TA49070) is a hyperfast diode with soft 
recovery characteristics (tar < 90ns). It has half the recovery 
time of ultrafast diodes and is silicon nitride passivated ion- 
implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored 
charge and hyperfast soft recovery minimize ringing and 
electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RHRU100120 TO-218 RHR100120 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings TT, = +25°C, Unless Otherwise Specified 


RHRU100120 UNITS 

Peak Repetitive Reverse Voltage 1200 V 
Working Peak Reverse Voltage 1200 V 
DC Blocking Voltage 1200 V 
Average Rectified Forward Current 100 A 

(To = +62.5°C) 
Repetitive Peak Surge Current 200 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 300 
Avalanche Energy (L = 40mH) 50 
Operating and Storage Temperature -65 to +175 
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7-115 


Specifications RHRU100120 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 
Ve 


lp = 1A, dl-/dt = 100A/us 


I; = 100A, di-/dt = 100A/us 


i= 1008 deat = 1008 
le = 100A, di-/dt = 100A/us 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ixy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/dt 


L,;=SELFINDUCTANCEOFR, ty 2 Sta(Max) 
+Lioop '2> tre 
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FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRU100120 


Typical Performance Curves 
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HARRIS RHRU15040, 
SEMICONDUCTOR RHRU15050, RHRU15060 


April 1995 150A, 400V - 600V Hyperfast Diodes 


aD 


Features Package 


¢ Hyperfast with Soft Recovery.............06. <60ns JEDEC STYLE TO-218 


e Operating Temperature...............00005 +175°C 
CATHODE ANODE 


e Reverse Voltage Up To ....... cc cee cncsecens 600V (FLANGE) 
¢ Avalanche Energy Rated 
e Planar Construction 


Applications 


¢ Switching Power Supplies 
¢ Power Switching Circuits 
¢ General Purpose Symbol 


Description 


RHRU15040, RHRU15050 and RHRU15060 (TA49071) 

are hyperfast diodes with soft recovery characteristics 

(tap < 60ns). They have half the recovery time of ultrafast 

diodes and are silicon nitride passivated ion-implanted A 
epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits, reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings T,. = +25°C 


RHRU15040 RHRU15050 RHRU15060 
Peak Repetitive Reverse Voltage.............. cee eee eee VRRM 400V 500V 600V 
Working Peak Reverse Voltage ............ 0. cece eee eee Vrweo 400V 500V 600V 
DG BIOGKING VOURUG: «cc cesasoe dcx avacacracd saw eed atawn we a Vr 400V 500V 600V 
Average Rectified Forward Current ........... 0.0. e eee lF(AV) 150A 150A 150A 
(To = +72°C) 
Repetitive Peak Surge Current............ 0... cece eee eee lESm 300A 300A 300A 
(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current............ 0... 2c eee eee ee lESm 1500A 1500A 1500A 
(Halfwave, 1 Phase, 60Hz) 
Maximum POWG! DISSIDBIION «cis cvvecvsc csansnadaacs census Pp 375W 375W 375W 
PVAIANENG ENGIGY <scccici cise ce cctacenwas cGnedba edb andes Eavi 50mj 50mj 50mj 
(L = 40mH) 
Operating and Storage Temperature ................000005 Tsta,ty -65°C to +175°C -65°C to +175°C -65°C to +175°C 
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Specifications RHRU15040, RHRU15050, RHRU15060 


Electrical Specifications 1, = +25°C, Unless Otherwise Specified 


seusot | CONDON Sooo 
Se A Ne 
ee fenton Poses] 
oe 


= 150A, di-/dt = 100A/us 
Ip = 150A, di-/dt = 100A/us 
lc = 150A, dl-/dt = 100A/us 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 


lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of tg + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of IpRyy based on a straight line from peak Ip through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy. (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


ac Ip = 1A, dip/dt = 100A/s 


V, AMPLITUDE CONTROLS I- 


V2 AMPLITUDE CONTROLS di,/dt ‘ai 
L, = SELF INDUCTANCE OF 1 1< 9"A(MAX) 
Rg + Lioop > tRR 
ts >0 


L; _ta(MIN) 
S10 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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HYPERFAST 
SINGLE DIODES 


RHRU15040, RHRU15050, RHRU15060 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE 
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—_— RHRU15090, 
SEMICONDUCTOR RHRU150100 


April 1995 150A, 900V - 1000V Hyperfast Diodes 


aD 


Features Package 
¢ Hyperfast with Soft Recovery JEDEC STYLE TO-218 
e Operating Temperature 
Reverse Voltage Up To CATHODE 
(FLANGE) 
Avalanche Energy Rated 


Planar Construction 


Applications 
e Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RHRU15090 and RHRU150100 (TA49072) are hyperfast diodes 
with soft recovery characteristics (tap < 90ns). They have half the 
recovery time of ultrafast diodes and are silicon nitride passivated 
ion-implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies and 
other power switching applications. Their low stored charge and 
hyperfast soft recovery minimize ringing and electrical noise in 
many power switching circuits reducing power loss in the switching 
transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RHRU15090 TO-218 RHRU15090 
RHRU150100 TO-218 RHR150100 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
SINGLE DIODES 


Absolute Maximum Ratings T, = +25°C, Unless Otherwise Specified 


RHRU15090 RHRU150100 UNITS 


Peak Repetitive Reverse Voltage 900 1000 

Working Peak Reverse Voltage 900 1000 

DC Blocking Voltage 900 1000 

Average Rectified Forward Current 150 150 
(To = +42°C) 

Repetitive Peak Surge Current 300 300 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current 1500 1500 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 375 

Avalanche Energy (L = 40mH) 50 

Operating and Storage Temperature ; -65 to +175 -65 to +175 
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Specifications RHRU15090, RHRU150100 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


LIMITS 


SYMBOL TEST CONDITION 


le = 150A, Tc = +25°C 
I- = 150A, Tc = +150°C 


le = 150A, dl-/dt = 100A/us 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lk = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of |pxq based on a straight line from peak Ipxy through 25% of Ipxy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/dt R ‘cme 
L, = SELF INDUCTANCE OF Ry 1 . a“ A(MAX) 
2>trr 
+Lioop ty>0 
+Vy ty. taminy 
10 
0 i 1 it o 

| Sit we 
a 
peaoron 
1 ou 
1 out 
i] a4 | <= ts 
1 rou 
6 | it 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


7-122 


RHRU15090, RHRU150100 


Typical Performance Curves 


100 


10 


lr, FORWARD CURRENT (A) 


0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 
Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


t, RECOVERY TIMES (ns) 


1 10 
Ir, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 


100 150 


CURRENT 

IMAX = 1A 

L = 40mH 

R<0.10 

Eavi = 1/2LP [Vavi/(VavL - Yoo)! 

Q,; & Q) ARE 1000V MOSFETs Q, L R 4A 

Vop 
1302 
i DUT 
f | 

Q2 


CURRENT 
SENSE 


4 
f 130 . 


12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 


FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVEFORMS 


7-123 


1005 


10 


1.0 


Ig, REVERSE CURRENT (:A) 


0.1 p= 


0 200 400 600 800 
Vp, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


IF(av)» AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 


t —~ 


HYPERFAST 
SINGLE DIODES 


SELECTION GUIDE 


HYPERFAST DUAL DIODE DATA SHEETS 


RHRP840CC, 
RHRP850CC, 
RHRP860CC 


RHRP870CC, 
RHRP880CC, 
RHRP890CC, 
RHRP8100CC 


RHRP8120CC 


RHRG1540CC, 
RHRG1550CC, 
RHRG1560CC 


RHRG1570CC, 
RHRG1580CC, 
RHRG1590CC, 
RHRG15100CC 


RHRG15120CC 


RHRG3040CC, 
RHRG3050CC, 
RHRG3060CC 


RHRG3070CC, 
RHRG3080CC, 
RHRG3OS0CC, 
RHRG30100CC 


RHRG30120CC 


ERENT SE GEES CENGERESESS SVE GOSS FEST RIEE OHH ESE ES EMRE ER ETE EES OR Kee Re eene 8-2 

SA, 400V - GOOV Hyperfast Dual Diodes... cn ccccssntvcvvsersncnvncurewerecunns 8-3 

BA, TOOY - 1000 Hyperiast Dial DIGGSS . 2 iscsi ccesw dens owhew nee eee wande rer 8-7 

SA, 1200V Hyperiast Dual Dind® 2.056 ccacacdeas ecto ee en iers Cnt eee ee 8-11 
15A, 400V + GOOY Hyperiast Dual DIONSS 2... ccc k canker tor eres ees d mene eewbe Dee 8-15 
15A, 7O0V = 1000V Myperiast Dual Di0d6S «i icc ccc ccecws vane ae ener new ed en ensure 8-19 
15A, 12Z00V Hypertast Dial DIOdS, 2. sec ce es cece eee ee RAKE RRO REA RES 8-23 
SUA, 400V = GOOV Hypertast Dual Diodes... .wccccncsaeeeseeseereracesseeenenes 8-27 
SUA, TOOV = TOOUV Hyperfast Dual DIOGGS . 62.6 cw ices ese rdnek eer eeeese ane ees as 8-31 
DOM, toy TOG DUE INGOG. ccc acs iden Vee Od we STR EE DOW Ke HEED 8-35 
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DUAL DIODES 


c-8 


HARRIS DUAL HYPER-FAST RECOVERY RECTIFIER PRODUCT LINE 


TO-252AA TO-220AB 


RHRD440CC RHRD440CCS 
2.1V 35ns 2.1V 35ns 


RHRP640CC RHRP840CC RHRG1540CC 
21¥ 35ns 2.1V 35ns 2.1V 40ns 


RHRP650CC RHRP850CC RHRG1550CC 
2.1V 35ns 2.1V 35ns 2.1V 40ns 


RHRD450CC RHRD450CCS 
2.1V 35ns 2.1V 35ns 


RHRP870CC RHRG1570CC 


3.0V 65ns 3.0V 70ns 


RHRP880CC RHRG1580CC 
3.0V 65ns 3.0V 70ns 
RHRP890CC RHRG1590CC 
3.0V 65ns 3.0V 70ns 
RHRP8100CC RHRG15100CC 
3.0V 65ns 3.0V 70ns 
RHRP4120CC RHRP6120CC RHRP8120CC RHRG15120CC 
3.2V 70ns 3.2V 65ns 3.2V 65ns 3.2V 75ns 


ITALICS = Future Product Offerings; Vr at Igava), Ts = 25°C; Trp at leave), dl-/dt = 100A/usec T,;= 25°C; + Tap at l-= 1A. 


RHRD460CC RHRD460CCS RHRP660CC RHRP860CC RHRG1560CC 
2.1V 35ns 2.1V 35ns 2.1V 35ns 2.1¥ 35ns 2.1V 40ns 


RHRG3040CC 
2.1V 45ns 


RHRG3050CC 
2.1V 45ns 


RHRG3060CC 
2.1V 45ns 


RHRG3070CC 
3.0V 75ns 

RHRG3080CC 
3.0V 75ns 

RHRG3090CC 
3.0V 75ns 


RHRG30100CC 
3.0V 75ns 


RHRG30120CC 
3.2V 75ns 


apinyd uoljd9/9S 


RHRP840CC, RHRP850CC, 
MARRS RHRP860CC 


aD 


April 1995 8A, 400V - 600V Hyperfast Dual Diodes 
Features Package 
¢ Hyperfast with Soft Recovery................ <30ns JEDEC TO-220AB 
¢ Operating Temperature...............0000. +175°C 
e Reverse Voltage Up To ............ cece enaes 600V 
e Avalanche Energy Rated a 


e Planar Construction LH ANODE 1 
Applications SE 
CATHODE SS 
ae 


¢ Switching Power Supplies (FLANGE) 
¢ Power Switching Circuits 


\S 


e General Purpose 


Description 


RHRP840CC, RHRP850CC and RHRP860CC (TA49059) | Symbol 

are hyperfast dual diodes with soft recovery characteristics K 
(tan < 30ns). They have half the recovery time of ultrafast 

diodes and are silicon nitride passivated ion-implanted epi- 

taxial planar construction. 


These devices are intended for use as freewheeling/clamp- 

ing diodes and rectifiers in a variety of switching power sup- 

plies and other power switching applications. Their low Ay A> 
stored charge and hyperfast soft recovery minimize ringing 

and electrical noise in many power switching circuits reduc- 

ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PARTNUMBER [PACKAGE [BRAND | 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
DUAL DIODES 


Absolute Maximum Ratings (per leg) Tc = +25°C, Unless Otherwise Specified 
RHRP840CC RHRP850CC RHRP860CC UNITS 


Peak Repetitive Reverse Voltage. ............ cece eee ween eee Varo 400 500 600 V 

Working Peak Reverse Voltage .............. cece ee eee eee eee VRwem 400 500 600 V 

OG ERO VONEOGs sg ho ees Seen hha re Ay eRbeedeneee Hee Reds Vr 400 500 600 V 

Average Rectified Forward Current ........... 0.0 c ee eee eee eee lE(AVv) 8 8 8 A 
(To = 150°C) 

Repetitive Peak Surge Current............ 00... e eee eee eee lesu 16 16 16 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current............ 0... cece eee ee ee lEsm 100 100 100 A 
(Halfwave, 1 Phase, 60Hz) 

Maxi FOWS! DISSIPSUON 2246 cs cece e sec endeasionedawe we ses Pp 75 75 75 W 

Avalanche Energy (See Figures 10 and 11)..................... E avi 20 20 20 mJ 

Operating and Storage Temperature ....................04.. Tstq, Ty -65to +175 -65 to +175 -65 to +175 "GS 
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Specifications RHRP840CC, RHRP850CC, RHRP8&60CC 


Electrical Specifications (per leg) To = +25°C, Unless Otherwise Specified 


LIMITS 
RHRP840CC RHRP850CC RHRP860CC 


= BA, We=8A,To=+25°C | +25°C 

z = 8A, To = iain 
= 400V, To = +25°C 
= 500V, Tg = +25°C 
= 600V, To = +25°C 
R = 400V, To = +150°C 


= 500V, Te = +150°C 

= 600V, Tg = +150°C 

= 1A, di-/dt = 200A/us 
= = 8A, dip/dt = 200A/us 
I; = 8A, di/dt = 200A/us 
|; = 8A, di-/dt = 200A/us 
I; = 8A, dig/dt = 200A/us 
Vp = 10V, Ip = 0A 


nN 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipyy to projected zero crossing of Ipyy based on a straight line from peak Ipyy through 25% of Ipyy (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/dt 
L, = SELF INDUCTANCE OF +V3 
Ry + LLoop R, ty 2 Sta(max) 
te > trr 
ts >0 
Vy ty. tain) 
0 J L 
i} i] it 
| 2 
bee ie! 


<-> 


FIGURE 1. tag TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 


RHRP840CC, RHRP850CC, RHRP860CC 


Typical Performance Curves 


wo fates | — 
TZ 


V-, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Tc = +25°C, dip/dt = 200A/is 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, tg AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


To = +175°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tap, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 


1000 ==> 


100 


10 


lg, REVERSE CURRENT (A) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


HYPERFAST 
DUAL DIODES 


IF(avy» AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RHRP840CC, RHRP850CC, RHRP8&60CC 


Typical Performance Curves (continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vr_, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Lie an HA 
L = 40mH 
R <0.1W 
Eave = 1/2LI? [Vavi/(Vavi - Vp)! 
Q, AND Q, ARE 1000V MOSFETs 


Q, LR ogg 
Vop 
i 1300 
F | = DUT 
12V 
q- CURRENT 
130Q “—- SENSE 
Vpp 
-¢ 
12V to ty to t 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 


RHRP870CC, RHRP880CC, 
ES ~—_sRHRP890CC, RHRP8100CC 
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April 1995 8A, 700V - 1000V Hyperfast Dual Diodes 
Features Package 
e Hyperfast with Soft Recovery............c0.eeeee: <55ns JEDEC TO-220AB 
e Operating Temperature ............0. see eeneees +175°C 
e Reverse Voltage Up To ....... ccc ccc eee eee eens 1000V 
ANODE 2 
CATHODE 


¢ Avalanche Energy Rated ANODE 1 


e Planar Construction CATHODE 
(FLANGE) 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RHRP870CC, RHRP880CC, RHRP890CC and RHRP8&100CC 
(TA49060) are hyperfast dual diodes with soft recovery character- 
istics (tan < 55ns). They have half the recovery time of ultrafast 
diodes and are silicon nitride passivated ion-implanted epitaxial 
planar construction. 


Symbol 


These devices are intended for use as freewheeling/clamping 

diodes and rectifiers in a variety of switching power supplies and 

other power switching applications. Their low stored charge and Ay A2 
hyperfast soft recovery minimize ringing and electrical noise in 

many power switching circuits reducing power loss in the switching 

transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
DUAL DIODES 


Absolute Maximum Ratings (per leg) T, = +25°C, Unless Otherwise Specified 
RHRP870CC RHRP880CC RHRP8S0CC RHRP8100CC UNITS 


Peak Repetitive Reverse Voltage. ........... cee eee ee eee Vrrm 700 800 900 1000 V 

Working Peak Reverse Voltage ............ 0. cece eee ee eee VRwM 700 800 900 1000 V 

Gs Ee UV OG be cc cove tinea nwkdanGd vie peeeeee edesnas Vr 700 800 900 1000 V 

Average Rectified Forward Current ............ 00. cece eee ee lF(av) 8 8 8 8 A 
(To = +1 40°C) 

Repetitive Peak Surge Current. ..... sce dccenecesewaevuccvees lesm 16 16 16 16 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current. ......... 0.0.0 c eee eee eee lesm 100 100 100 100 A 
(Halfwave, 1 Phase, 60Hz) 

Maxi POWE! DESIR 210s eect av te ewer saves eran ueonns Pp 75 75 75 75 Ww 

Avalanche Energy (See Figures 10 and 11)................... Eavi 20 20 20 20 mj 

Operating and Storage Temperature .................005. Tsta, Ty -65to +175 -65to+175 -65to+175 -65to+175 "¢ 
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Specifications RHRP870CC, RHRP880CC, RHRP890CC, RHRP8&100CC 


Electrical Specifications (per leg) T. = +25°C, Unless Otherwise Specified 


LIMITS 
RHRP870CC RHRP880CC RHRP8390CC RHRP8100CC 


Vr = 700V, To = +25°C 
Vr = 900V, To = +25°C 
Vp = 1000V, To = +25°C 


Vr ts 7OOV, Tc = +150°C 
Vr = B00V, To = +150°C 


Vr = 900V, To = +150°C 
Vp = 1000V, To = +150°C 


wl SG} rm] we - 
S| gi} S| oO mS 
nm od ea g mM] 
fo) ata oO ol ro) 
ol aim] wo = 
ol gi] Oo] o 3 
no al on pe S Ny} oO 
ol a} mo} ow a 
Sl gl ol So 3 
no or oa S = Nm] o 
wl alm] w 2 
Si aiclo c 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (Figure 2), summation of ta + tg. 
t, = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Irn, to projected zero crossing of Ipyy based on a straight line from peak Ipyy through 25% of Ipny (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eayv_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di,-/at 


L, = SELF INDUCTANCE OF +V3 
Ry + Lioop R, t, 2 Sta(MAX) 
t2>trr 
ty >0 
iy. ..9 
+V; < _A(MIN) 
10 
0 i] ' tt ° 
| sat r= 
<<! 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRP870CC, RHRP8&80CC, RHRP890CC, RHRP8100CC 


Typical Performance Curves 


Ir, FORWARD CURRENT (A) 


Ve, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT VS FORWARD 
VOLTAGE DROP 


To = +25°C, dip/dt = 200A/us 


t, RECOVERY TIMES (ns) 


lz, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT 25°C 


To = +175°C, dip/dt = 200A/is 
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FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT 175°C 


Ir, FORWARD CURRENT (A) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 


t, RECOVERY TIMES (ns) 


tryav)» AVERAGE FORWARD CURRENT (A) 


VOLTAGE 


Tc = +100°C, dip/dt = 200A/us 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT 100°C 
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Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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DUAL DIODES 


RHRP870CC, RHRP8&80CC, RHRP890CC, RHRP8&100CC 


Typical Performance Curves (continued) 


Cj, JUNCTION CAPACITANCE (pF) 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IM AX = 1A 
L =40mH 
R<012 
Eave = V/2L?? (VayiAVav - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 


Q, “ R +C 
Vop 
d 1300 
F | - DUT 
2 
12V 
a~ CURRENT 
1300 “- SENSE 
Vop 
| wie 
12V to ty ty t —> 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 


w HARRIS RHRP8&120CC 


April 1995 8A, 1200V Hyperfast Dual Diode 


Features Package 


e Hyperfast with Soft Recovery JEDEC TO-220AB 


ANODE 2 
CATHODE 
ANODE 1 


Operating Temperature 
e Reverse Voltage 
e Avalanche Energy Rated 


e Planar Construction CATHODE 
(FLANGE) 


Applications 


¢ Switching Power Supplies 
e Power Switching Circuits 


e General Purpose 


Description 


The RHRP8120CC (TA49096) is a hyperfast dual diode with 
soft recovery characteristics (tara < 55ns). It has half the 
recovery time of ultrafast diodes and is silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of switching power supplies 
and other power switching applications. Its low stored 
charge and hyperfast soft recovery minimize ringing and 
electrical noise in many power switching circuits reducing 
power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RHRP8120CC TO-220AB RHR8120C 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
DUAL DIODES 


Absolute Maximum Ratings (per leg) T, = +25°C, Unless Otherwise Specified 


RHRP8120CC UNITS 

Peak Repetitive Reverse Voltage 1200 V 
Working Peak Reverse Voltage 1200 V 
DC Blocking Voltage 1200 V 
Average Rectified Forward Current A 

(To = +140°C) 
Repetitive Peak Surge Current 

(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current 
(Halfwave, 1 Phase, 60Hz) 


Maximum Power Dissipation 
Avalanche Energy (See Figures 10 and 11) 
Operating and Storage Temperature , -65 to +175 
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Specifications RHRP8120CC 


Electrical Specifications (per leg) Tc, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Ve le = 8A, To = +25°C 
Ip = BA, To = +150°C 


Vr = 1200V, To = +25°C 


Vp = 1200V, To = +150°C 


I- = 1A, dif/dt = 200A/us 
|- = 8A, di-/dt = 200A/is 


|; = 8A, die/dt = 200A/us 


I; = 8A, die/dt = 200A/us 
ee 2 
a 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
IR = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of |pyy based on a straight line from peak Ipyy through 25% of Ina, (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V> AMPLITUDE CONTROLS di,/dt 
L, = SELF INDUCTANCE OF 


Ra + LLoop Ry ty 2 Sta(max) 
to > tar 
ty >0 
+V; L; < ‘A(MIN) 
| Ry —«:10 
0 1 ' i | , 
| 2itp he 
— 1 
| ty | 1 
| | 
, I 
14 
| oi |~== tg 
I i ol 
0 1 if 
mal 
FIGURE 1. tag TEST CIRCUIT FIGURE 2. taj WAVEFORMS AND DEFINITIONS 
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RHRP8120CC 


Typical Performance Curves 


Ir, FORWARD CURRENT (A) 


600 


Ve, FORWARD VOLTAGE (V) Vp, REVERSE VOLTAGE (V) 
FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE DROP VOLTAGE 
“i To = +25°C, dip/dt = 200A/us To = +100°C, dip/dt = 200A/us 
B 
w”) 
uJ 
= 
i 
fe 
Wu 
> 
Oo 
O 
uu 
< 
Ir, FORWARD CURRENT (A) lz, FORWARD CURRENT (A) 
FIGURE 5. TYPICAL tar, ta AND ts CURVES vs FORWARD FIGURE 6. TYPICAL trp, t, AND tg CURVES vs FORWARD 
CURRENT AT +25°C CURRENT AT +100°C 


Tc = +175°C, dip/dt = 200A/s 


HYPERFAST 
DUAL DIODES 


t, RECOVERY TIMES (ns) 


IF(av), AVERAGE FORWARD CURRENT (A) 


100 115 130 145 160 175 
l-, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL tpr, ta AND tg CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE 


CURRENT AT +175°C 


RHRP8120CC 


Typical Performance Curves (Continued) 


C,, JUNCTION CAPACITANCE (pF) 
Le 
=) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IMAX =1A 
L=40mH 
R<0.10 
Eavi = 1/2L?? (VaviLAVavi - Yoo)! 
Q, AND Q, ARE 1000V MOSFETs 
Q . R 
1 +0 
Vpp 
‘ 130Q 
r | DUT 
Q2 
12V 
aq~ CURRENT 
1300 “= SENSE 
Vop ty ty 1P) {— 
| 7. 
12V 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 


et HARRIS ARHRG1540CC, RHRG1550CC, 
SEMICONDUCTOR RHRG1560CC 


April 1995 15A, 400V - 600V Hyperfast Dual Diodes 
Features Package 
e Hyperfast with Soft Recovery............... < 35ns JEDEC STYLE TO-247 
¢ Operating Temperature.................085 +175°C ANODE 2 


CATHODE 


e CATHODE 
Reverse Voltage Up To .......... 2c cece eeees 600V (BOTTOM SIDE ANODE 1 
e Avalanche Energy Rated METAL) 


e Planar Construction 


Applications 


e Switching Power Supplies 


¢ Power Switching Circuits Symbol 


e General Purpose 


Description 


RHRG1540CC, RHRG1550CC and RHRG1560CC 

(TA49061) are hyperfast dual diodes with soft recovery char- 

acteristics (tap < 35ns). They have half the recovery time of 

ultrafast diodes and are silicon nitride passivated ion- Al A2 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE | BRAND 
RHRG1540CC TO-247 RHRG1540C 


RHRG1550CC TO-247 RHRG1550C 
RHRG1560CC RHRG1560C 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
DUAL DIODES 


Absolute Maximum Ratings (Per Leg) Tc = +25°C, Unless Otherwise Specified 
RHRG1540CC RHRG1550CC RHRG1560CC UNITS 


Peak Repetitive Reverse Voltage... .... 0... .. cee eee eee eee VRRM 400 500 600 V 

Working Peak R&VGISG VONAGE .. 6. cusvccnewernwenseeeinanes VRweM 400 500 600 V 

Be Big Ae VaSs ons cid oc useeiwnee Soe awe bs oye me oe OS eRONs Vr 400 500 600 V 

Average Rectified Forward Current ........ 0.0... 0c eee eee eee lE(av) 15 15 15 A 
(To = +140°C) 

repetiuve Peak Surge Current... 2s. s.ssewcewceseesewentsews ss l—Esm 30 30 30 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current................ eee eee eee lESm 200 200 200 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power DISSIPGUON . .. . . 20sec ccc c eins tenance eases Pp 100 100 100 W 

Avalanche Eneray (L. = 40MA) ... 2 02 eve ce ve ce ete wcewnaevanes Eavi 20 20 20 mj 

Operating and Storage Temperature ...................006- Tsta, Ty -65 to +175 -65 to +175 -65 to +175 °C 
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Specifications RHRG1540CC, RHRG1550CC, RHRG1560CC 


Electrical Specifications (Per Leg) T, = +25°C, Unless Otherwise Specified 


LIMITS 


= 


S| als 
vv 


Va = 600V, Tg = +25°C 
Ve = 400V, To = +150°C 


Vp = 500V, To = +150°C 
Vp = 600V, To = +150°C 
ip = 1A, dip/dt = 100A/us 
Ip = 15A, dip/dt = 100A/us 
|= = 15A, dip/dt = 100A/us 
lp = 15A, dip/dt = 100A/us 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ixy through 25% of Ina (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 


V2 AMPLITUDE CONTROLS di-/at 
L, = SELF INDUCTANCE OF +V3 
Ra + Loop Ry ty 2 Sta(max) 
to> tar 
ts >0 
+; ty. taminy 
R 10 
0 i] { it ° 
wih n= 
S| 
| ty I an 
14 
: 1 ot | 
ot 

| I |~= ts 

1 ool 

0 ' it 

“Vo 
Van --=+- 
FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG1540CC, RHRG1550CC, RHRG1560CC 


Typical Performance Curves 
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RHRG1540CC, RHRG1550CC, RHRG1560CC 


Typical Performance Curves (Continued) 


175 


150 


-—_ 
NO 
on 


100 


~“ 
S a 


Cj, JUNCTION CAPACITANCE (pF) 
nN 
a 


0 50 100 150 200 
Vg, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IMAX =1A 
L=40mH 
R <0.1Q2 
Eavi = 1/2LP [Vavi/Vavi - Voo)] 
Q, AND Q, ARE 1000V MOSFETs 
~ R 
Q; +C 
Vop 
1300 
¥ Ads _ 
Q2 
12V 
q- CURRENT 
1302 “—- SENSE 
Vpp 
| -©¢ 
12V 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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HARRIS RHRG1570CC, RHRG1580CC, 
—_""**" RHRG1590CC, RHRG15100CC 


April 1995 15A, 700V - 1000V Hyperfast Dual Diodes 


Features Package 
e Hyperfast with Soft Recovery JEDEC STYLE TO-247 


¢ Operating Temperature ANODE 2 


CATHODE 
¢ Reverse Voltage Up To aOTTOM ANODE 1 


e Avalanche Energy Rated SIDE METAL) 


Planar Construction 


Applications 


e Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RHRG1570CC, RHRG1580CC, RHRG1590CC and 
RHRG15100CC (TA49062) are hyperfast dual diodes with soft 
recovery characteristics (tap < 60ns). They have half the recovery 
time of ultrafast diodes and are silicon nitride passivated ion- 
implanted epitaxial planar construction. 


These devices are intended for use as freewheeling/clamping diodes 
and rectifiers in a variety of switching power supplies and other power 
switching applications. Their low stored charge and hyperfast soft 
recovery minimize ringing and electrical noise in many power switch- 
ing circuits reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
DUAL DIODES 


Absolute Maximum Ratings (Per Leg) Tc = +25°C, Unless Otherwise Specified 


RHRG1570CC RHRG1580CC RHRG1590CC RHRG15100CC UNITS 

Peak Repetitive Reverse Voltage 700 800 900 1000 V 
Working Peak Reverse Voltage 700 800 900 1000 V 
DC Blocking Voltage 700 800 900 1000 V 
Average Rectified Forward Current 15 15 15 15 A 

(To = +130°C) 
Repetitive Peak Surge Current 30 30 30 30 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 200 200 200 200 

(Halfwave, 1 phase, 60Hz) 
Maximum Power Dissipation 100 100 100 100 
Avalanche Energy (L = 40mH) 20 20 20 20 
Operating and Storage Temperature .... -65 to +175 -65 to +175 -65 to +175 -65 to +175 
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Specifications RHRG1570CC, RHRG1580CC, RHRG1590CC, RHRG15100CC 


Electrical Specifications (Per Leg) T, = +25°C, Unless Otherwise Specified 
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Va = 10V, Ip =0A 
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en i ee 
DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipyy based on a straight line from peak Ipy through 25% of Ipyy (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I; 
V2 AMPLITUDE CONTROLS di,-/dt 


L, = SELF INDUCTANCE OF Ry ty 2 Sta(max) 
Ra + Lioop 2>trR 
Q 1 tg >0 
Ly P ta(MiN) 


Ry 


FIGURE 1. tan TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG1570CC, RHRG1580CC, RHRG1590CC, RHRG15100CC 


Typical Performance Curves 


100 


10 


ir, FORWARD CURRENT (A) 


V-, FORWARD VOLTAGE (V) 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Te = +25°C 


t, RECOVERY TIMES (ns) 


Iz, FORWARD CURRENT (A) 


FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT 25°C 


To = +175°C 


t, RECOVERY TIMES (ns) 


Ie, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT 175°C 
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IR, REVERSE CURRENT (yA) 


Vr, REVERSE VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT 100°C 
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HYPERFAST 
DUAL DIODES 


-_ 
Le) 


Ieavy, AVERAGE FORWARD CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


RHRG1570CC, RHRG1580CC, RHRG1590CC, RHRG15100CC 


Typical Performance Curves (Continued) 


C,;, JUNCTION CAPACITANCE (pF) 
S 


Vr, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


IM AX = 1A 
L = 40mH 
R< 0.10 
Eavi = 1/2LP [Vavi(Vavi - Yoo) 
Q, AND Q, ARE 1000V MOSFETs 


Q, L R +O 
Vpp 
130Q 
/ DUT 
q leer 
12V 2 
os CURRENT 
130Q ~ SENSE 
Vpp 
| - 
12V to ty to (——e 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 


FORMS 
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wrARRIS ARHRG15120CC 


April 1995 15A, 1200V Hyperfast Dual Diode 
Features Package 
e Hyperfast with Soft Recovery............... < 65ns JEDEC STYLE TO-247 
¢ Operating Temperature .................06: +175°C ANODE 2 


CATHODE 
ANODE 1 


e Reverse Voltage... ...... ccc cece cece ee nnaee 1200V CATHODE 
(BOTTOM SIDE 
¢ Avalanche Energy Rated METAL) 


Planar Construction 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits Symbol 


e General Purpose K 


Description 


The RHRG15120CC (TA49098) are hyperfast dual diodes 

with soft recovery characteristics (tap < 65ns). They have 

half the recovery time of ultrafast diodes and are silicon 

nitride passivated ion-implanted epitaxial planar construc- Al A2 
tion. 


These devices are intended for use as freewheeling/clamp- 
ing diodes and rectifiers in a variety of switching power sup- 
plies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits reduc- 
ing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE BRAND 
RHRG15120CC TO-247 RHR15120C 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
DUAL DIODES 


Absolute Maximum Ratings (Per Leg) To = +25°C, Unless Otherwise Specified 


RHRG15120CC UNITS 
Peak Repetitive Reverse Voltage............... cece eee ee eee VrRRM 1200 V 
Working Peak Reverse Voltage .............. cece eee eee eee VrRwm 1200 V 
LG BIDGKING VONGUE: can scence een ae bans Rad ena ee aD Re RRR OE Vr 1200 V 
Average Rectified Forward Current ........... 0... ce eee eee eee lF(AV) 15 A 
(To = 130°C) 
Repetitive Peak Surge Current............... 0. ce eee eee ee eee lesm 30 A 
(Square Wave, 20kHz) 


Nonrepetitive Peak Surge Current............. 0... c eee eee eee lEsm 200 A 
(Halfwave, 1 Phase, 60Hz) 


MAxITMIT POWOP DISSIOGION  vccccnenvsssesanwtoe sede neue neues Pp 100 W 
Avalanche Enaigy (L. 280M) ccc as cccen ee cens ene wees ees wane Fave 20 mj 
Operating and Storage Temperature ..................0005. Tsta, Ty -65 to +175 °C 
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8-23 


Specifications RHRG15120CC 


Electrical Specifications (Per Leg) T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Ve Ip = 15A, To = $25°C 
Ip Po 15A, To = +150°C 
Va = 1200V, To = +25°C 
Vr = 1200V, To = +150°C 
| : = = a 


I; = 15A, dip/dt = 100A/us 
Iz = 15A, di/dt = 100A/us 
I; = 15A, dig/dt = 100A/us 
I; = 15A, dif/dt = 100A/us 


Vp = 10V, Ip =0A 


DEFINITIONS 
Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
lz = Instantaneous reverse current. 
trap = Reverse recovery time (See Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip based on a straight line from peak Ipy through 25% of Ip (See Figure 2). 
Rojo = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I; 
V> AMPLITUDE CONTROLS di,/dt 


L, = SELF INDUCTANCE OF my ty > Stamax) 
Rq + Lioop (27 TR 
ty >0 
+V, by tawny 
R, 10 
0 i] i] it 
| Sire 
|~—xe—e{ 11 
peop ou 
I | Il 
l | II 
l IH 1—« ty 
I | 11 
6 1 it 
-V2 


FIGURE 1. tana TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG15120CC 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 


Tc = +25°C 
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FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


To = +175°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +175°C 
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FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 
VOLTAGE 


To = +100°C 


t, RECOVERY TIMES (ns) 


Ir, FORWARD CURRENT (A) 


FIGURE 6. TYPICAL tar, ts AND tg CURVES vs FORWARD 
CURRENT AT +100°C 
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FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
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DUAL DIODES 


RHRG15120CC 


Typical Performance Curves (Continued) 
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FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


Test Circuit and Waveforms 


Imax = 1A 
L =40mH 
R<0.1Q 
Eqve = V/2LI? [VayiAVavi- Vop)] R 
Q1 and Q2 ARE 1000V MOSFETS 
Q1 L 
+ 
130Q 
- 
i] Vop 
12V Q2 
7 CURRENT a 
: nabe Y- “SENSE 
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12V 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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a RHRG3040CC, 
SEMICONDUCTOR RHRG3050CC, RHRG3060CC 


April 1995 30A, 400V - 600V Hyperfast Dual Diodes 


uD 


Features Package 
e Hypertfast with Soft Recovery JEDEC STYLE TO-247 
e Operating Temperature 


e Reverse Voltage Up To ANODE 2 


CATHODE 


e Avalanche Energy Rated 
ANODE 1 


CATHODE 


e Planar Construction (BOTTOM 


Applications 
¢ Switching Power Supplies 
¢ Power Switching Circuits 


e General Purpose 


Description 


RHRG3040CC, RHRG3050CC and RHRGS3060CC are hyper- 
fast diodes with soft recovery characteristics (tar < 40ns). They 
have half the recovery time of ultrafast diodes and are silicon 
nitride passivated ion-implanted epitaxial planar construction. Symbol 


These devices are intended for use as freewheeling/clamping 
diodes and rectifiers in a variety of switching power supplies 
and other power switching applications. Their low stored 
charge and hyperfast soft recovery minimize ringing and electri- 
Cal noise in many power switching circuits reducing power loss 
in the switching transistors. 


PACKAGING AVAILABILITY 


lise Ll 


NOTE: When ordering, use the entire part number. 


HYPERFAST 
DUAL DIODES 


Formerly developmental type TA49063. 


Absolute Maximum Ratings (per leg) T. = +25°C, Unless Otherwise Specified 


RHRG3040CC RHRG3O050CC RHRG3060CC UNITS 

Peak Repetitive Reverse Voltage 400 500 600 V 
Working Peak Reverse Voltage 400 500 600 
DC Blocking Voltage 400 500 600 
Average Rectified Forward Current 30 30 30 

(To = +120°C) 
Repetitive Peak Surge Current 70 70 70 

(Square Wave, 20kHz) 
Nonrepetitive Peak Surge Current 325 325 325 

(Halfwave, 1 Phase, 60Hz) 
Maximum Power Dissipation 125 125 125 
Avalanche Energy (See Figures 10 and 11) 20 20 20 
Operating and Storage Temperature -65 to +175 -65 to +175 -65 to +175 


Copyright © Harris Corporation 1995 File Number 3939.2 
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Specifications RHRG3040CC, RHRG3050CC, RHRG3060CC 


Electrical Specifications (per leg) To = +25°C, Unless Otherwise Specified 
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as Cs 
8 Led 
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I: = 30A, dip/dt = 200A/us 
I: = 30A, di-/dt = 200A/us 
Vp = 10V, Ip =0A 


DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300pus, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of ta + tg. 
= Time to reach peak reverse current (See Figure 2). 
= Time from peak Ipyy to projected zero crossing of Ipx, based on a straight line from peak Ixy through 25% of Ip, (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rejc = Thermal resistance junction to case. 
Eay_ = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 
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V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di,-/dt 
L, = SELF INDUCTANCE OF 

Rg + Lioop 
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FIGURE 1. tana TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG3040CC, RHRG3050CC, RHRG3060CC 


Typical Performance Curves 
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Tc = +175°C, dip/dt = 200A/is 


t, RECOVERY TIMES (ns) 
Ir(av), AVERAGE FORWARD CURRENT (A) 


Ir, FORWARD CURRENT (A) Tc, CASE TEMPERATURE (°C) 
FIGURE 7. TYPICAL tpr, ta AND tgs CURVES vs FORWARD FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT AT +175°C 
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DUAL DIODES 


RHRG3040CC, RHRG3050CC, RHRG3060CC 


Typical Performance Curves (continued) 


C,, JUNCTION CAPACITANCE (pF) 


Vp, REVERSE VOLTAGE (V) 
FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IMAX =1A 
L = 40mH 
R<0.10 
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FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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MM HARRIS RHRG3070CC, RHRG3080CC, 
sewreoNDUCTOR PRIRG3N9Q0CC, RHRG30100CC 


April 1995 30A, 700V - 1000V Hyperfast Dual Diodes 
Features Package 
e Hyperfast with Soft Recovery................ <65ns JEDEC STYLE TO-247 
¢ Operating Temperature................0055 +175°C 
ANODE 2 
e Reverse Voltage Up To ......... cece eee eees 1000V CATHODE 
ANODE 1 

Avalanche Energy Rated eurnnne 

e Planar Construction (BOTTOM 


SIDEMETAL) 


Applications LSS 


e Switching Power Supplies 
¢ Power Switching Circuits 


¢ General Purpose 


Description Symbol 


RHRG3070CC, RHRG3080CC, RHRGS3O90CC, and K 
RHRG30100CC (TA49064) are hyperfast dual diodes with 

soft recovery characteristics (tar < 65ns). They have half the 

recovery time of ultrafast diodes and are silicon nitride 

passivated ion-implanted epitaxial planar construction. 


These devices are intended for use as _ freewheeling/ 
clamping diodes and rectifiers in a variety of switching power 
supplies and other power switching applications. Their low 
stored charge and hyperfast soft recovery minimize ringing 
and electrical noise in many power switching circuits 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


[PARTNUMBER [PACKAGE [BRAND | 


NOTE: When ordering, use the entire part number. 


Al A2 


HYPERFAST 
DUAL DIODES 


Absolute Maximum Ratings (per leg) Tc. = +25°C, Unless Otherwise Specified 
RHRG3070CC RHRG3080CC RHRG3090CC RHRG30100CC UNITS 


Peak Repetitive Reverse Voltage .............0.eaeee VRRM 700 800 900 1000 V 

Working Peak Reverse Voltage................0.0005- VRWM 700 800 900 1000 V 

DG Blocking VONAUG «i. c:cenicorse vesw creek saennas ond VR 700 800 900 1000 V 

Average Rectified Forward Current................04. lF(AVv) 30 30 30 30 A 
(To = +95°C) 

Repetitive Peak Surge Current ................000 00s lESmM 70 70 70 70 A 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current..................0-. lESm 325 325 325 325 A 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power DISSIPSHION . . 2.6.6 ee tac n wee en wews Pp 125 125 125 125 W 

Avalanche Energy (see Figures 10 and 11).............. Eavi 20 20 20 20 mj 

Operating and Storage Temperature................ Tstg, Ty -65 to +175 -65 to +175 -65 to +175 -65 to +175 °C 

Copyright © Harris Corporation 1995 File Number 3942.1 
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Specifications RHRG3070CC, RHRG3080CC, RHRG3090CC, RHRG30100CC 


Electrical Specifications (per leg) Tc, = +25°C, Unless Otherwise Specified 


senses fia HY Hai WAT OF uly AE | TE Tae | TOT | 

VF [easRTo=vre | - | psoe- |; -|-|sy || so] v_ 

[Wee TOV, Te= a2 | [smo 

Wa = B00v. To= zee fT mr 

Rese a A 

Vas tooo Tose 

Waa 7OOv Teatro — [or 

Wee Boor Tox ever To 

Vaz Dov To=etsore fr 

Waa tooo To=sTere pe 

pata aa= Tome | | Pet f-Tet-{-;st-|-,s] 

rc ce ec 

pawn aaa TOOMS| — | eT f-Pset-f-tst-{-|s,-[ = 

[te [r= 0m aat= Toms [se ee 

[Gan [r= SOR avat= Tooms| [200 [200 | a0 

ST AERA SO OR RL AOL OA OA OO 
DEFINITIONS 


Ve = Instantaneous forward voltage (pw = 300us, D = 2%). 
ln = Instantaneous reverse current. 
tar = Reverse recovery time (Figure 2), summation of ta + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ip,4 based on a straight line from peak Ipxy through 25% of Ixy (See Figure 2). 
Qrr = Reverse recovery charge. 
C, = Junction Capacitance. 
Rojc = Thermal resistance junction to case. 
Easy. = Controlled avalanche energy. (See Figures 10 and 11). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I, 
V2 AMPLITUDE CONTROLS di-/dt 
L, = SELF INDUCTANCE OF 

R4 + Lioop 


ty 2 Sta(max) 
t)>trr 


Q, tg >0 
+V; ty. tain) 
| 10 
‘ Ry, 


_s === 
FIGURE 1. tara TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG3070CC, RHRG3080CC, RHRG3090CC, RHRG30100CC 


Typical Performance Curves 


TM 
Wa 
| 
| 
RCM 


I 
(yi) INSYYND ASH3ASH ‘4 


Te 
NUT 


100°C 


1200 


(v) LNSYYND GYVMHOS ‘71 


400 600 800 1000 


Vp, REVERSE VOLTAGE (V) 


200 


Ve, FORWARD VOLTAGE (V) 


FIGURE 4. TYPICAL REVERSE CURRENT vs REVERSE 


FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 


VOLTAGE 


VOLTAGE DROP 


(su) S3WIL AHSAO0S3H ‘3 


s3qoid 1nd 


Iz, FORWARD CURRENT (A) 


Iz, FORWARD CURRENT (A) 


LSVausdAH 


BEEZ 


| es 


175 


150 


FIGURE 6. TYPICAL tar, ta AND tg CURVES vs FORWARD 
CURRENT AT +100°C 


+175°C 


Tc= 


FIGURE 5. TYPICAL tpr, tg AND tg CURVES vs FORWARD 
CURRENT AT +25°C 


(su) SSWIL AMSAODSH ‘3 


Tc, CASE TEMPERATURE (°C) 
FIGURE 8. CURRENT DERATING CURVE FOR ALL TYPES 


I;, FORWARD CURRENT (A) 


FIGURE 7. TYPICAL tpr, tg AND ts CURVES vs FORWARD 


CURRENT AT +175°C 
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RHRG3070CC, RHRG3080CC, RHRG3090CC, RHRG30100CC 


Typical Performance Curves (Continued) 


250 
200 
150 
100 


50 


Cy, JUNCTION CAPACITANCE (pF) 


0 50 100 150 200 
Vr, REVERSE VOLTAGE (V) 


FIGURE 9. TYPICAL JUNCTION CAPACITANCE vs REVERSE VOLTAGE 


IMAx = 1A 
L = 40mH 
R <0.1W 
Eave = 1/2LI? [Vayi/(Vavi - Vop)] 
Q, AND Q2 ARE 1000V MOSFETs L 
Q; R + © 
Vpp 
: 130W 
7 | DUT 
in «(@ 
aq- CURRENT 
130W “— SENSE 
Vop 
| ue 
12V to ty ‘ {—a 
FIGURE 10. AVALANCHE ENERGY TEST CIRCUIT FIGURE 11. AVALANCHE CURRENT AND VOLTAGE 


WAVEFORMS 
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FARRIS 


SEMICONDUCTOR 


aD 


April 1995 


Features 

¢ Hyperfast with Soft Recovery 
Operating Temperature 
Reverse Voltage 
Avalanche Energy Rated 


Planar Construction 


Applications 
¢ Switching Power Supplies 
e Power Switching Circuits 


¢ General Purpose 


Description 


The RHRG30120CC (TA49041) is a hyperfast dual diode 
with soft recovery characteristics (tar < 65ns). It has half the 
recovery time of ultrafast diodes and is silicon nitride passi- 
vated ion-implanted epitaxial planar construction. 


This device is intended for use as a freewheeling/clamping 
diode and rectifier in a variety of high frequency switching 
power supplies and other power switching applications. Its 
low stored charge and hyperfast soft recovery minimize ring- 
ing and electrical noise in many power switching circuits, 
reducing power loss in the switching transistors. 


PACKAGING AVAILABILITY 


PART NUMBER | PACKAGE BRAND 


RHRG30120CC TO-247 RHR30120C 


NOTE: When ordering, use the entire part number. 


Absolute Maximum Ratings § T,. = +25°C 


Peak Repetitive Reverse Voltage 

Working Peak Reverse Voltage 

DC Blocking Voltage 

Average Rectified Forward Current (Per Leg) 
(To = +78°C) 

Repetitive Peak Surge Current (Per Leg) 
(Square Wave, 20kHz) 

Nonrepetitive Peak Surge Current (Per Leg) 
(Halfwave, 1 Phase, 60Hz) 

Maximum Power Dissipation 

Avalanche Energy 
(L = 40mH) 

Operating and Storage Temperature 


Copyright © Harris Corporation 1995 


RHRG30120CC 


30A, 1200V Hyperfast Dual Diode 


Package 
JEDEC STYLE TO-247 


ANODE 1 
CATHODE 


CATHODE hy ANODE 2 
(BOTTOM SIDE fa 


HYPERFAST 
DUAL DIODES 


RHRG30120CC UNITS 
1200 V 
1200 V 
1200 V 
30 V 
60 
300 


125 
30 


-65 to +175 


File Number 3411.2 


8-35 


Specifications RHRG30120CC 


Electrical Specifications (Per Leg) T, = +25°C, Unless Otherwise Specified 


SYMBOL TEST CONDITION 


Vp = 1200V 


Vr = 1200V To = +150°C 


F = 1A, di-/dt = 100A/us 


le = 30A, die/dt = 100A/us 


DEFINITIONS 
Vr = Instantaneous forward voltage (pw = 300us, D = 2%). 
lp = Instantaneous reverse current. 
tar = Reverse recovery time (See Figure 2), summation of t, + tg. 
ta = Time to reach peak reverse current (See Figure 2). 
tg = Time from peak Ipy to projected zero crossing of Ipjxq based on a straight line from peak Ippy through 25% of Ipny (See Figure 2). 
Rejc = Thermal resistance junction to case. 
Eav_ = Controlled avalanche energy (See Figures 7 and 8). 
pw = pulse width. 
D = duty cycle. 


V, AMPLITUDE CONTROLS I 


V2 AMPLITUDE CONTROLS di,/dt R te>5t 
L, = SELF INDUCTANCE OF Ry, 1 . : ' A(MAX) 
2>trR 
+LLoop t,>0 


+V; < ‘A(MIN) 


FIGURE 1. tap TEST CIRCUIT FIGURE 2. tap WAVEFORMS AND DEFINITIONS 
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RHRG30120CC 


Typical Performance Curves 
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FIGURE 3. TYPICAL FORWARD CURRENT vs FORWARD 
VOLTAGE DROP 
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TRR4Q041 POW 49041 
FIGURE 5. TYPICAL trp, ta AND tg CURVES vs FORWARD FIGURE 6. CURRENT DERATING CURVE FOR ALL TYPES 
CURRENT 
IMAX =1A 
L = 40mH 
R<0.10 
Eavi = 1/2LF [VayviVave - Yop) 
Q; & Q, ARE 1000V MOSFETs L. R 4 
1 e 
Vpp 
; 1302 
y | DUT 
Q2 
12V 
a CURRENT 
13002 : SENSE 
Vop 
I| “¢ 
12V 


FIGURE 7. AVALANCHE ENERGY TEST CIRCUIT 
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FIGURE 4. TYPICAL REVERSE CURRENT vs VOLTAGE 
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HYPERFAST 
DUAL DIODES 
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FIGURE 8. AVALANCHE CURRENT AND VOLTAGE WAVE- 
FORMS 
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MCTAGBT/C 


PAGE 
jo cieg | 9) DCN) Ss) Se ee ee ee ee ke ee ree ee eee ee ee 9-2 
PREVIEW PRODUCTS DATA SHEET 
HGTG40N60B3 70K, GOOV, UPS Setes N-CNANNEI GET cn osc stave edeee eins ee nexsneae vee een en's 9-3 


PREVIEW 
PRODUCTS 
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HARRIS GENERATION Ill ULTRA-FAST SWITCHING "UFS" IGBT FUTURE PRODUCTS 


TO-251AA TO-252AA TO-247 


600V HGTD5N60B3 HGTDS5N60B3S HGTP12N60B3 HGTG30N60B3 
HGTD7N60B3 HGTD7N60B3S HGT G40N60B3 

1200V HGTD4N120B3 HGTD4N120B3S HGTP10N120B3 HGTG20N120B3 
HGTD6N120B3 HGTD6N120B3S HGTP15N120B3 HGTG30N120B3 


PRODUCTS WITH HYPERFAST ANTI-PARALLEL DIODES 


600V HGTD5N60B3D HGTDS5N60B3DS HGTP7N60B3D HGTG30N60B3D 
HGTP12N60B3D 

1200V HGTD4N120B3D HGTD4N120B3DS HGTP6N120B3D HGTG15N120B3D 

HGP10N120B3D HGTG20N120B3D 

HGTG30N120B3D 


NOTES:: 
1. Collector current rating at To = 110°C. 


apINd uo!}99]9S 


2. Values for collector current may vary when final characterization is completed. 
3. Collector current rating at 25°C can assumed to be 2 x Tc = 110°C rating. 


HARRIS 


SEMICONDUCTOR 


HGTG40N60B3 


May 1995 70A, 600V, UFS Series N-Channel IGBT 


Features Package 
70A, 600V at Tc = +25°C JEDEC STYLE TO-247 

Square Switching SOA Capability 

Typical Fall Time - 160ns at +150°C 

Short Circuit Rating 


Low Conduction Loss 


Description 


The HGTG40N60B3 is a MOS gated high voltage switching 

device combining the best features of MOSFETs and bipolar 

transistors. The device has the high input impedance of a - ; 

MOSFET and the low on-state conduction loss of a bipolar | /erminal Diagram 

transistor. The much lower on-state voltage drop varies only N-CHANNEL ENHANCEMENT MODE 


moderately between +25°C and +150°C. 
Cc 
| 
= 


HGTG40N60B3 


The IGBT is ideal for many high voltage switching 
applications operating at moderate frequencies where low 
conduction losses are essential, such as: AC and DC motor 
controls, power supplies and drivers for solenoids, relays 
and contactors. 


PACKAGING AVAILABILITY 


PART NUMBER PACKAGE ~ BRAND _ 
HGTG40N60B3 TO-247 G40N60B3 


NOTE: When ordering, use the entire part number. 


Formerly Developmental Type TA49052 


Absolute Maximum Ratings T-; = +25°C, Unless Otherwise Specified 


Collector-Emitter Voltage 
Collector-Gate Voltage, Reg = 1MQ 
Collector Current Continuous 
At To = +25°C (Package Limited) 
At To = +110°C 
Collector Current Pulsed (Note 1) 
Gate-Emitter Voltage Continuous 
Gate-Emitter Voltage Pulsed 


PREVIEW 
PRODUCTS 


Switching Safe Operating Area at To = +150°C 
Power Dissipation Total at Tg = +25°C 

Power Dissipation Derating Tc > +25°C 

Operating and Storage Junction Temperature Range 
Maximum Lead Temperature for Soldering 

Short Circuit Withstand Time (Note 2) at Veg = 15V 
Short Circuit Withstand Time (Note 2) at Veg = 10V 


NOTE: 
1. Repetitive Rating: Pulse width limited by maximum junction temperature. 
2. VcE(PK) = S60V, To = +125°C, Roe = 250, 
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160A at 0.8 BVogEs 
290 
2.33 
-40 to +150 
260 
2 
10 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper ESD Handling Procedures. File Number 3943 
Copyright © Harris Corporation 1995 


Specifications HGTG40N60B3 


Electrical Specifications T, = +25°C, Unless Otherwise Specified 


PARAMETERS SYMBOL TEST CONDITIONS 


Collector-Emitter Breakdown Voltage log = 250pA, Veg = OV 
Collector-Emitter Leakage Current Ices Ty = +25°C 


Ty = +150°C 


LIMITS 
Cin [ea | or 
Cae 


A 


wn _ 
> 


N 
on 
> 


Voce = BVces 


Collector-Emitter Saturation Voltage VcE(SAT) Ty = +25°C 


ie) 
w 


Ty = +150°C 


Gate-Emitter Threshold Voltage VGE(TH) log = 250A, Ty = +25°C 3.0 

Voce = Vee 
Gate-Emitter Leakage Current Ices Vee = t20V +300 nA 
Latching Current I Ty = +150°C 160 


VcE(PK) = 9.8 BVces 
Voge = 15V 

Rg = 30 

L = 45H 


log = 40A, Voge = 15V 


Voge = 20V 


Gate-Emitter Plateau Voltage 


320 


=| 
O 


On-State Gate Charge 


NOTE: 


1. Turn-Off Energy Loss (Eo¢r) is defined as the integral of the instantaneous power loss starting at the trailing edge of the input pulse and 
ending at the point where the collector current equals zero (Ice = 0A). The HGTG40N60B3 was tested per JEDEC standard No. 24-1 
Method for Measurement of Power Device Turn-Off Switching Loss. This test method produces the true total Turn-Off Energy Loss. 


Qeon) 


35 


>) 
= | 
O 


Ty tS +150°C 

loz = 40A 

VcE(Pk) = 9-8 BVces 
Voce = 15V 

Rg = 32 

L = 100yH 


tp(on)! 
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HARRIS SEMICONDUCTOR IGBT PRODUCT IS COVERED BY ONE OR MORE OF THE FOLLOWING U.S. PATENTS: 


4,364,073 4,417,385 4,430,792 4,443,931 4,466,176 4,516,143 4,532,534 4,567,641 
4,587,713 4,598,461 4,605,948 4,618,872 4,620,211 4,631,564 4,639,754 4,639,762 
4,641,162 4,644,637 4,682,195 4,684,413 4,694,313 4,717,679 4,743,952 4,783,690 
4,794,432 4,801,986 4,803,533 4,809,045 4,809,047 4,810,665 4,823,176 4,837,606 
4,860,080 4,883,767 4,888,627 4,890,143 4,901,127 4,904,609 4,933,740 4,963,951 


4,969,027 


HGTG40N60B3 


Typical Performance Curves 


PULSE DURATION = 2501s, DUTY CYCLE <0.5%, Vc¢ = 10V 
00 


Ice, COLLECTOR-EMITTER CURRENT (A) 


Voge, GATE-TO-EMITTER VOLTAGE (V) 
FIGURE 1. TRANSFER CHARACTERISTICS 


Ice, DC COLLECTOR CURRENT (A) 


Tc, CASE TEMPERATURE (°C) 


FIGURE 3. DC COLLECTOR CURRENT vs CASE TEMPERATURE 


FREQUENCY = 1MHz 


C, CAPACITANCE (nF) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs COLLECTOR-EMITTER VOLTAGE 
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PULSE DURATION = 2501s, DUTY CYCLE <0.5%, Tc = +25°C 


Ice, COLLECTOR-EMITTER CURRENT (A) 


Vce, COLLECTOR-TO-EMITTER VOLTAGE (V) 
FIGURE 2. SATURATION CHARACTERISTICS 


PULSE DURATION = 2501s, DUTY CYCLE <0.5%, Ve- = 15V 
0 


150 


Ice, COLLECTOR-EMITTER CURRENT (A) 
2 
rn) 


Voce, COLLECTOR-TO-EMITTER VOLTAGE (V) 


FIGURE 4. COLLECTOR-EMITTER ON-STATE VOLTAGE 


IG(REF) = 4.06mA, Ri = 7.5Q, Tc = +25°C “ 


PREVIEW 
PRODUCTS 


Voce, COLLECTOR - EMITTER VOLTAGE (V) 
Voce, GATE-EMITTER VOLTAGE (V) 


0 
0 50 100 150 200 250 
Qg, GATE CHARGE (nC) 


FIGURE 6. GATE CHARGE WAVEFORMS 


HGTG40N60B3 


Typical Performance Curves (continued) 


T, = +150°C, Rg = 32, L = 100uH 
Lt ee Se a A Ce a a el 
a 


toyony» TURN-ON DELAY TIME (ns) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 7. TURN-ON DELAY TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


Ty = +150°C, Rg = 3Q, Le 100uH 


tri, TURN-ON RISE TIME (ns) 


log, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 9. TURN-ON RISE TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


Ty = +150°C, Rg = 30, L = 100H 


P[[[[[ [TY 
JA | 


VcE(PK) = = 480V, Voce = = 15V 


Eon, TURN-ON ENERGY LOSS (mJ) 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 11. TURN-ON ENERGY LOSS AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


Ty = +150°C, Rg = 30, L = 100nH 


Ice, COLLECTOR-EMITTER CURRENT (A) 


FIGURE 8. TURN-OFF DELAY TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


Ty = +150°C, Rg = 30, L = 100uH 


te), FALL TIME (ns) 


20 


40 
Ice, COLLECTOR-EMITTER CURRENT (A) 


60 80 


FIGURE 10. TURN-OFF FALL TIME AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 


Ty = +150°C, Rg = 30, L = 100uH 


Set St GO 2 
pt ett | | 
> a ee 
le A Sh a 


10 20 30 40 50 60 70 80 90 100 
Ice, COLLECTOR-EMITTER CURRENT (A) 


Eorr, TURN-OFF ENERGY LOSS (mJ) 


FIGURE 12. TURN-OFF ENERGY LOSS AS A FUNCTION OF 
COLLECTOR-EMITTER CURRENT 
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HGTG40N60B3 


Typical Performance Curves (continued) 


_ Ty = +150°C, To = +75°C, Vgg = +15V, Rg = 30, L = 100,H sh To = +150°C, Voge = 15V, Rg = 30, L = 45H 
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aS Royo = 0.43°C/W i 
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FIGURE 13. OPERATING FREQUENCY AS A FUNCTION OF FIGURE 14. SWITCHING SAFE OPERATING AREA 
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FIGURE 15. IGBT NORMALIZED TRANSIENT THERMAL IMPEDANCE, JUNCTION TO CASE 
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Test Circuit and Waveforms 


PREVIEW 
PRODUCTS 


L = 100uH 
Vv 
RHRP3060 Se 


Vce 


Vpp = 480V Ice 


toon)! 


FIGURE 16. INDUCTIVE SWITCHING TEST CIRCUIT FIGURE 17. SWITCHING TEST WAVEFORMS 
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HGTG40N60B3 


Operating Frequency Information 


Operating frequency information for a typical device (Figure 
13) is presented as a guide for estimating device performance 
for a specific application. Other typical frequency vs collector 
current (Ice) plots are possible using the information shown 
for a typical unit in Figures 4, 7, 8, 11 and 12. The operating 
frequency plot (Figure 13) of a typical device shows fryayx; or 
fuaxe2 whichever is smaller at each point. The information is 
based on measurements of a typical device and is bounded 
by the maximum rated junction temperature. 


fMAx1 is defined by fMAX4 = 0.05/(to(oFF)! : tp(on)))- Dead- 
time (the denominator) has been arbitrarily held to 10% of 
the on-state time for a 50% duty factor. Other definitions are 
possible. tp(orF)| ANd tp(ony) are defined in Figure 17. 


Device turn-off delay can establish an additional frequency 
limiting condition for an application other than Tyna x. 
to(orFy! S important when controlling output ripple under a 
lightly loaded condition. 


fmaxo is defined by fmMaxe = (Pp - Pc)/(Eorr + Eon). The allow- 
able dissipation (Pp) is defined by Pp = (T ymax - Tc)/Reyc. 


The sum of device switching and conduction losses must not 
exceed Pp. A 50% duty factor was used (Figure 13) and the 
conduction losses (Pc) are approximated by Po = (Vcr x 
Iog)/2. 


Eon and Eorr are defined in the switching waveforms 
shown in Figure 17. Eon is the integral of the instantaneous 
power loss (Ice X Vcog) during turn-on and Eo rr is the inte- 
gral of the instantaneous power loss (Icg¢ x Vcr) during turn- 
off. All tail losses are included in the calculation of Eorr; 
i.e.the collector current equals zero (Ic¢ = 0). 
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Handling Precautions for IGBT’s 


Insulated Gate Bipolar Transistors are susceptible to gate- 
insulation damage by the electrostatic discharge of energy 
through the devices. When handling these devices, care 
should be exercised to assure that the static charge built in 
the handler’s body capacitance is not discharged through 
the device. With proper handling and application proce- 
dures, however, IGBT’s are currently being extensively used 
in military, industrial and consumer applications, with virtu- 
ally no damage problems due to electrostatic discharge. 
IGBT’s can be handled safely if the following basic precau- 
tions are taken: 


1. Prior to assembly into a circuit, all leads should be kept 
shorted together either by the use of metal shorting 
springs or by the insertion into conductive material such 
as t’ECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, 
the hand being used should be grounded by any suitable 
means - for example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 


4. Devices should never be inserted into or removed from 
Circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage rat- 
ing of Vgem. Exceeding the rated Vg can result in per- 
manent damage to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are es- 
sentially capacitors. Circuits that leave the gate open-cir- 
cuited or floating should be avoided. These conditions 
can result in turn-on of the device due to voltage buildup 
on the input capacitor due to leakage currents or pickup. 


7. Gate Protection - These devices do not have an internal 
monolithic zener diode from gate to emitter. If gate 
protection is required an external zener is recommended. 


+ Trademark Emerson and Cumming, Inc. 
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Introduction to the MCT User’s Guide 


Opportunities for continued progress in Power Delivery and Control Systems were 
never more evident than today. The efficient and elegant use of energy commands the 
attention of conservationists, political leaders, technologists, indeed, all those 
concerned with continued improvement in the human condition concurrent with respect 
for their world’s environment. Power Electronics is an enabling technology that offers 
newly attractive solutions to many diverse applications of electric power. And progress 
in Power Electronics is paced by progress in the Semiconductor Components available 
as Power Switches. 


A new Power Semiconductor Device, the MOS Controlled Thyristor, the MCT, is now 
available for commercial use. This is a significant benchmark in the progress of Power 
Electronics. 


The MCT is a truly different product. It has its own set of characteristics. Some of these 
characteristics bear resemblance to the older thyristors, SCRs and GTOs. Yet the 
merger of modern MOS design and processing features with the older double injection 
bipolar structures results in a new device, with new characteristics and capabilities. 


This manual is offered in the desire to facilitate the introduction of this new product. It 
will introduce the user to the new MCT technology. Our desire is to make available to 
the reader the experience of others; as it exists, and as it develops. It is our hope that 
the MCT will be properly applied and will be a rewarding experience for its users. 


This introduction is an opportunity to recognize the contributions of Dr. Vic Temple and 
his associates at the Schenectady R&D Center, who are the developers of this new 
technology. 


Research and Development support, first from the Electric Power Research Institute 
(EPRI) and NASA, followed by US Government Agency support through Wright 
Patterson AFB, DARPA, U.S. Navy (DTRC) and the U.S. Army Labcom, Electronics 
Technology and Devices Laboratory at Ft. Monmouth has been instrumental in MCT 
development. Some of these programs were co-funded by SDIO. The foresight and 
fortitude of the individuals who guide these agencies are to be acknowledged. 


In closing, we at Harris Semiconductor wish you every success in your use of MCT’s. 
We are committed to serve you, our customer. 


tat SEMICONDUCTOR 
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MCT Description 


2.0 MCT‘s, a New Class of Power Devices 
2.0.1 Background 


MOS Controlled Thyristors are a new class of power semi- 
conductor devices that combine thyristor current and voltage 
capability with MOS gated turn-on and turn-off. Various sub- 
classes of MCTs can be made: P-type or N-type, symmetric 
or asymmetric blocking, one or two-sided Off-FET gate con- 
trol, and various turn-on alternatives including direct turn-on 
with light. All of these sub-classes have one thing in com- 
mon; turn-off is accomplished by turning on a highly interdig- 
itated Off-FET to short out one or both of the thyristor’s 
emitter-base junctions. This users guide focuses on the first 
product introduced by Harris, a P-type asymmetric blocking, 
MOS gated MCT. 


2.0.2 Description 


Figure 2.0.1 shows the basic elements of the MCT that Har- 
ris is now producing. On the left is a representative cross 
section of one cell of the device that is repeated 10’s of thou- 
sands of times to make a device that can turn off 120A at 
+150°C junction temperature. On the right is an equivalent 
circuit based on the well-known two transistor model of the 
thyristor. In the P-MCT a P-channel On-FET is turned on 


TYPICAL CELL 
CROSS SECTION 


CIRCUIT SCHEMATIC 
FOR P-MCT 


ANODE 


OFF-FET CHANNEL 


ee 


ON-FET CHANNEL 


| ON-FET 
LOWER BASE 


LOWER BASE BUFFER 
LOWER EMITTER 


BACK METAL 


CATHODE 


FIGURE 2.0.1 CROSSSECTION OF MCT CELL SHOWING 


TURN-ON AND TURN-OFF FETs 


FIGURE 2.0.2 


with a negative voltage which charges up the base of the 
lower transistor to latch on the MCT. The MCT turns on 
simultaneously over the entire device area giving the MCT 
excellent di/dt capability. Figure 2.0.2 compares different 
600V power switching devices for 2.0.3 conduction drop. 


Figure 2.0.3 shows measured device comparisons which are 
typical of the conduction drop advantage of the MCT. Here, a 
1000V P-MCT is shown with an IGBT die similarly packaged 
and of the same voltage rating. Note that the MCT typically 
has 10 to 15 times the current at the same forward drop. 


2.0.4 Turn Off 


The MCT will remain in the on-state until current is reversed 
(like a normal thyristor) or until the Off-FET is activated by a 
positive gate voltage. Obviously, the higher the Off-FET gate 
voltage and the denser the Off-FET channels, the more cur- 
rent can be shorted across the emitter-base junction to effect 
turn-off. It is clear that successful turn-off requires all cells to 
turn off at the same time to prevent current from crowding. 
This imposes gate risetime constraints that are discussed 
later. 


1000 


go DARLINGTON 


CURRENT DENSITY (A/cm?) 
Ss 


TEMPERATURE: +25°C 
CALCULATED 


CONDUCTION DROP (VOLTS) 


COMPARISON OF 600V DEVICES, WITH <ius 
TURN-OFF TIME CAPABILITY, NEGLECTING 
PACKAGE RESISTANCE. 
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GATE 
10V 
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0 FORWARD DROP (VOLTS) 2 


FIGURE 2.0.3 CURVE TRACER FORWARD DROP COMPARISON OF 1000V P-MCT AND N-IGBT AT +150°C 


_ VERTICAL 
ty 50A/DIV 
oc 
a. 
= HORIZONTAL 
= || | | [/ 1000V P-MCT 500mV/DIV 
a 
ct, tT iAltT TT i GATE 
oi{ | | 4 = 
| | [Af 1000V N-IGBT la 
ole t—— Tf | 
0 FORWARD DROP (VOLTS) 5 
2.1 The MCT Advantages 


2.1.1 Turn-On and On-State: 


MCTs, are superior devices in terms of conduction drop, 
surge current and di/dt capability. MCTs of similar blocking 
voltages, thyristors or GTOs can have lower forward drop, 
owing to the MCTs reduced cell size (compared to the GTO) 
and lack of emitter shorts (compared to the thyristor). 


2.1.2 Off-State: 


MCTs can be made over a broad range of voltages from 
100V to 8KV to 10KV. MCTs can be made symmetric or 
asymmetric blocking. 


High dv/dt capability is provided in the MCT when the junc- 
tion charging current is diverted around the Base-Emitter 
junction of the PNP transistor through the low impedance of 
the Off-FET. 


Leakage current is also diverted through the Off-FET, provid- 
ing excellent high temperature voltage blocking capability. 
For instance, under laboratory conditions, MCTs have been 
operated turning off 80A at +300°C, withstanding dv/dt’s of 
10KV/ys at +250°C and surviving 100 hours of blocking life 
testing at +235°C junction temperatures. For these reasons 
it is recommended that the gate on bias be maintained con- 
tinuously. 


2.1.3 Turn Off: 


The MCT provides a turn off capability, through gate control. 
Conventional SCRs can not be turned off by the gate. The 
insulated gate structure of the MCT allows turn off of the 
principle current with much less drive energy than GTO - 
SCRs. 


2.1.4 Temperature Capability: 


The thyristor structure and the thyristor alleviating the usual 
voltage and current stress of the typical MOSFET elements 
of the power FET or IGBT. The FET element helps the thyris- 
tor withstand self-turn-on. The Off-FET elements see little 


stress, since in the MCT structure, they are not active durn- 
ing blocking and conduction. The Off-FET conducts only dur- 
ing turn-off transitions. The FET elements neither conduct 
the principal current, nor are they exposed to the mode with- 
out blocking voltage. 


What is the MCTs temperature limit? Obviously, in the case 
of Harris’ first commercial offering, it is now the package and 
the temperature to which we have taken sufficient reliability 
data. Ultimately, however, it is thermal runaway associated 
with leakage current, perhaps as high as +250°C in the 600 
to 1000V range and +275°C in the 100V to 300V range. 


2.2. WhyaP-MCT With Its P-Power 
Device Limitations? 


From the above discussion it would seem that there would 
be few circuit niches above 100 volts or 200 volts which 
would not be best served with an MCT. That indeed should 
be the case once Harris is able to market a full line of 
MCTs - especially N-MCTs. However, our first MCT products 
are P-type, i.e., they have a blocking voltage region that is 
P-type with inherently higher gain and with inherently lower 
SOA than in an N-type device. 


The reason for this choice lies in the fact that the current 
density that can be turned off is 2 to 3 times higher if the Off- 
FETs are n-channel. To have a peak turn-off capability con- 
sistent with the MCTs high RMS current rating we decided 
that having n-channel Off-FET’s was more important than 
the 30% higher SOA and 2 times lower switching loss that 
we would get (and have measured) in an N-MCT. 


We still retain the low forward drop, good di/dt and dv/dt and 
good voltage and temperature capability but have sacrificed 
some usefulness, particularly in high frequency, hard 
switched circuits where SOA and switching losses are criti- 
cal. Even in those circuits a snubber will allow one to use the 
P-MCT but at increased cost. 
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2.2.1 Where Should | Consider Using a P-MCT? 


In any circuit dominated by conduction loss our first genera- 
tion P-MCT can result in half the losses and use half the 
active silicon area - i.e., a smaller device and higher effi- 
ciency. In replacing a GTO or BJT it also offers the consider- 
able advantage of MOS gate control. Even in hard switched 
circuits, at frequencies of several KHz and below, the P-MCT 
may be a good choice despite the possible need of a snub- 
ber circuit of some sort to keep the P-MCT within its turn-off 
SOA. In most instances, the MCTs high di/dt and good hard 
turn-on capability allows one to use a snubber consisting of 
a capacitor alone, somewhat reducing snubber cost and 
simplifying the circuit. 


In Sections 5 and Section 6 P-MCTs are discussed in 1) 
hard switched, 2) soft switched, 3) SCR-like, 4) symmetric 
blocking and 5) complementary device circuits. 


2.2.2 Where Should | Not Use a P-MCT? 


As can be seen from the device ratings section, the P-MCTs 
SOA is rated at half the device’s breakdown voltage rather 
than at the 80% typical of an n-type power device. If your cir- 
cuit requires hard switched inductive turn-off above the SOA 
level and a snubber is not cost effective then you cannot use 
a P-MCT. Further, if your switching losses now are equiva- 
lent to your conduction losses you may gain very little. For 
example, consider replacing an IGBT of 50W conduction 
loss and 30W switching loss with a generation 1 P-MCT. 
One could rightly expect to find that the P-MCT would have 
<25W conduction loss but nearly 60W of switching loss. 
Adding the appropriate snubber would put the switching loss 
elsewhere which would have the cost advantage of allowing 
the use of an MCT of half the size of the IGBT. That still 
might not be the right answer to your circuit. 


2.3 Future MCT Developments 


Although this material is covered later in more depth, it is 
appropriate to describe the kind of MCT devices that can be 
expected to be developed and produced by Harris and other 
semiconductor manufacturers. 


This would first include more voltage ratings - first 
asymmetric MCTs down to perhaps as low as 200V and as 
high as 1600V. Later, high voltage MCTs will be available for 
what are now typically thyristor and GTO circuits. (See 
Reference 2.) 


P-MCTs will also improve in switching capability in both SOA 
and turn-off time, bettering N-IGBTs in speed and turn-off 
loss and being at less of a disadvantage in hard switched 
SOA. 


N-MCTs will begin to become available but with about half 
the peak turn-off current capability of P-MCTs. However, 
both P-MCTs and N-MCTs will be improving in that charac- 
teristic as improved process capability allows denser Off- 
FET channel structure. 


As with other FET-containing devices higher current 
switches will be produced in the form of modules, usually 
including diodes, and sometimes including some degree of 
intelligence. Our experience is that MCTs (up to 12 have 
been paralleled at Harris Power R&D) can be successfully 
paralleled if done carefully. As with IGBTs this is best done 
by the manufacturer. 


The timetable for 
resources. 


these developments depends on 


2.4 References 


[1] V. Temple, “Power Device Evolution and the MOS-Con- 
trolled Thyristor’, PCIM, November, 1987, pp 23-29. 


[2] V.A.K. Temple, S.D. Arthur et al., “Megawatt MOS Con- 
trolled Thyristor for High Voltage Power Circuits” PESC 
92 Proceedings, pp 1018-1025 (Toledo, Spain, June 29 - 
July 3, 1992) 
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3.0 Introduction 


The new Harris P-MCT is a high power and high speed 
switching device that is useful in many applications. In our 
user’s guide we have included several models that can be 
used to investigate whether the generation 1 600V P-MCT 
that is Harris’ first commercial MCT is appropriate for your 
application. As other products are announced it is hoped that 
the data sheets will include, for example, SPICE model 
parameters. In addition to SPICE model parameters we have 
included other physically based models that may be useful 
and in some cases more accurate. 


3.1 SPICE Modelling of MCTs 


3.1.0 Introduction 


SPICE parameter extraction of the MCT device is not an 
easy job, because the MCT integrates the four layers of a 
PNPN thyristor with NUOSFET and PMOSFET elements in 
a single device. The SPICE program has no model for a 
PNPN device, so either a three-diode model or a two-transis- 
tor bipolar model must be used for the vertical PNPN struc- 
tures. In general, the three-diode model is a device physics 
oriented approach but requires longer computation time, 
while the two-bipolar model is an applications oriented 
model and runs faster. Implementation of either of the two 
models requires a separation of the PNPN device some- 
where in a semiconductor layer, so that minority carrier cur- 
rents on both sides are not always equal. Another aspect to 
both models is transient analysis that is caused by current 
amplification of the PNPN. The bipolar model has current 


a [s 


RVN+, 2.5m 
: VpRop re 
= 


CC 


P-MCT SUBCIRCUIT AND +150°C DEVICE 
CONSTANTS 


FIGURE 3.1.1 


amplification, while the diode model lacks it. The two-tran- 
sistor bipolar model has been chosen in this modeling. 


3.1.1 Equivalent Circuit 


As realized in Harris’ first 600V P-MCT, the P-MCT can be 
thought of as consisting of about 11,000 parallel groups of 9 
20mm x 20mm unit cells in a 0.4cm? active area. In each 
group of 9 cells there is one on-cell surrounded by 8 off-cells. 
Figure 2.0.1 showed half of a cross section, i.e., half an on- 
cell and a complete off-cell along with the 2-transistor 
electrical equivalent circuit that is the basis of our SPICE 
model. The equivalent subcircuit model contains back-to-back 
connected NPN and PNP bipolar transistors, serial connected 
PMOSFET and NMOSFET, and _ parasitic passive 
components. The three-dimensional 600V P-MCT device has 
been converted to one-dimensional components with values 
as given in Figure 3.1.1. 


3.1.2 Parameter Calculation 


Dimensions and physical parameters of each layer were 
determined assuming doping in each layer is to be uniform, 
and a reasonable mobility is given to each layer. Finally, 
resistivity and diffusion lengths are calculated. 


Parameter calculation for the two bipolars requires some 
caution. First, the collectors of PNP and NPN bipolars share 
the same P-/N-junction, so the collector area of each bipolar 
is taken to be a half of the junction area as shown in Figure 
3.1.2. Second, reverse parameters are always unnecessary 


P+ WIDE BASE 
N+P-N 
N N 
p- P- 
NARROW BASE 
P+NP- N+ 
CATHODE 
FIGURE 3.1.2 SHARED P-/N-JUNCTIONS IN NPN AND PNP 


BIPOLAR TRANSISTORS 
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MCT Equivalent Circuit Models 
TABLE 3.1.1 CALCULATED AND MODIFIED SPICE PARAMETERS AT T, = +150°C 


TABLE A DEVICE 
WIDE BASE N+P-N BIPOLAR UNIT PHYSICS MODIFIED SPICE 


Transport Saturation Current ee ee ee 1.14E-10 1.14E-10 
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TABLE C DEVICE 
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MCT Equivalent Circuit Models 


because the MCT reverse operation is inhibited. Third, the 
SPICE BJT model allows only choice of one of two DC mod- 
els - transport saturation current (IS) only or emitter and col- 
lector saturation current (ISE and ISC). The IS only model 
(Gummel-Poon model) has been chosen because of its sim- 
plicity. Twelve calculated parameters for each of narrow base 
PNP and wide base NPN bipolars are summarized respec- 
tively in Subtables A - E of Table 3.1.1. 


The PMOSFET and NMOSFET of elements of the MCT are 
very high speed devices compared with bipolar speed. They 
work as voltage controlled switches, except for several 
approximately 10nsec gate delays. The MOSFET uses the 
Shichman-Hodges model, and the gate capacitance model 
is a 12-section Meyer model. These choices result in 6 
parameters for each MOSFET. Physical parameters are 
given in Subtables C and D of Table 3.1.1. Notice SPICE 
uses the meter as a unit of length. 


Parasitics consist of one voltage source and 6 resistors. The 
voltage source describes an electric field in the very wide 
base NPN bipolar transistor. NPN and PNP emitter resis- 
tances (RVN+ and RVP+) were determined from measured 
data in the forward ON state. The other three parasitic resis- 
tors were calculated from Figure 2.0.1, bringing the total 
number of SPICE parameters to 42 as seen from Table 
3.1.1. 


3.1.3 Parameter Calibration 


The calculated SPICE parameters had to be calibrated to fit 
measured 600V generation 1 P-MCT data over a wide range 
of current, voltage, time, temperature and load. 


The first step of calibration was to modify SPICE parameters 
to match measured forward OFF characteristics up to 700V 
at +25°C/+100°C/+150°C. The OFF condition biases the 
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FIGURE 3.1.3. SPICE FORWARD VOLTAGE SIMULATION 


center P-/N junction in reverse, and leakage current through 
the junction determines the MCT OFF current. Critical 
SPICE parameters for the forward OFF state are: 


1. NPN bipolar: IS, BF and VAF 
2. PNP bipolar: IS and VAF 


The IS of NPN was set to be equal to the IS of PNP 
because the collector-base junction of both bipolars are the 
same P-/N junction. Fit is fairly good at high voltage and high 
temperature, the more critical region because of the rela- 
tively higher losses, but poor at low voltage and room tem- 
perature. Once NPN BF was set to the calculated 0.536 
value, fitting was between 50% and 200% at all voltage and 
temperature ranges. Later BF was modified to 2.75 to 
accommodate transient fitting. The OFF state loss is approx- 
imately 0.23W at 700V and +150°C, and becomes negligibly 
small at +100°C. It is noteworthy that the most important 
parameter, IS for the PNP, remains unchanged at 11.4nA. 


The second step of calibration is ON-state characteristics. In 
this condition all the emitter junctions of MCT are forward 
biased and the central P- and N layers are strongly modu- 
lated by two types of injected carriers from P+ and N+ emit- 
ters, so that the forward drop is very much similar to a PIN 
diode. Measured and simulated forward ON characteristics 
from 10A to 300A at +150°C are plotted in Figure 3.1.3. Fit- 
ting is approximately within 50mV except at low current. 
Sensitive SPICE parameters for the forward characteristics 
are: 

1. NPN bipolar: 1S, BF and NF 

2. PNP bipolar: IS and NF 

3. Parasitics: RVN+, VDROP and RVP+ 


As |S’s and BF’s were already set in the first step the NF’s of 
two bipolars and NPN emitter series resistance (RVN+) and 
PNP series emitter resistance (RVP+) are available to fit the 
measured data. Once BF of the NPN was set to the calcu- 
lated 0.536, fitting was plus/minus 100mV at all the ranges. 
The 2.75 NPN beta calibration comes from the transient fit- 
ting. Power loss at 100A is approximately 120W at all tem- 
peratures. 


The third step is the most difficult calibration - transient turn- 
on and turn-off which are influenced by different phenom- 
ena. An important process for the ON transient is plasma 
spreading carried by holes and electrons. Capacitances in 
the circuit delay the transient. The turn ON is fairly constant 
over various current, voltage and temperature. Sensitive 
SPICE parameters for the turn-on transient are: 


1. NPN bipolar: BF 
2. Parasitic: CPOLY 
The minority carrier lifetimes in P- and N regions play major 


roles for the OFF transient. In SPICE they appear in the 
base transit times (TF). 
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Figure 3.1.4 compares simulated and measured turn-off time 
and energy for +150°C, 100A unsnubbered turn-off clamped 
at 300 volts. Fit to experiment is better than 10%. No doubt 
users will be able to refine the model for even better fits of 
key MCT behavior for their individual circuits. However, a 
perfect fit with the two-transistor model will always be difficult 
as it is not a true representation of the thyristor part of the 
MCT. 


A model has been presented with fitting shown only for the 
+150°C case as this is normally the limiting case. Operation 
at other temperature requires 2 coefficients for each of IS 
(for conduction drop) and NF, TF (for turn off). Later 
datasheets and user’s guide will include these coefficients. 


100A 


1.4us 
14.0 


torr 1.3p18 


15.1 


Eorr 


DEVICE CURRENT (10A/DIV) 
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FIGURE 3.1.4. SPICE MODELLING OF 600V P-MCT TURN-OFF 
(300V, +150°C Inductive Turn-Off) 


3.1.5 Modelling Series/Parallel MCTs 


One of the more important reasons SPICE modelling of 
MCTs was undertaken several years ago at Harris Power 
R&D was to design modules with parallel MCTs for a number 
of R&D programs focussed chiefly in aerospace systems. It 
was useful to introduce “weak” and “strong” MCTs in which 
turn-off times and forward drops were varied. 


3.1.6 SPICE Modelling Summary 


The newly developed MCT model can simulate not only 
MCT devices but also MCT power circuits and systems. The 
MCT subcircuit is a strong tools for design and verification of 
MCT power circuits. However, this is a first version of the 
model. In the future an upgrade of the model to a more accu- 
rate version with a MOS capacitor type CPOLY. Also, more 
transient measurements to cover wider ranges of applica- 
tions. Finally, in using SPICE models there is often a lot of 
“numerical noise” caused by the fact that when the MCT 
switches, very small time steps are needed compared to the 
rest of the simulation. SPICE handles those transitions 
poorly, sometimes leading to wild oscillations. Holding down 
the maximum time step can work in many cases. In others, 
small snubbers need to be added between nodes where 
voltages change too quickly. For example, while the curves 


in Figure 3.1.4 had no snubber, small maximum time step 
was used which reduced numerical noise to acceptable lev- 
els. In using the same model as part of a half bridge circuit, a 
0.5 ohm, 0.033uF snubber across the MCT to get the SPICE 
simulation to work. 


3.2 Special MCT Models 


3.2.0 Introduction 


The big weakness of the MCT models built out of simpler 
devices is that they are non-physical in one important way. 
They do not account for the fact that the MCT is swamped 
with holes and electrons in the P- and N base regions. This 
has led to investigation of a 4-layer device model that can be 
implemented in SPICE or some other model useful to appli- 
cations engineers. This has not yet been totally successful. 
However, some portions of that developing model have 
proved very useful, especially in calculating MCT turn-off. 


Figure 3.2.1A shows a very simple MCT model for looking at 
turn-off. The MCT is assumed to be a current source in 
parallel with a capacitor. It is a very device physics oriented 
model which needs the current gain of the lower transistor, 
the recombination tail time constant and the device self- 
Capacitance to accurately give the device turn-off trajectory 
(| and V vs t) along with device losses. In fitting low and high 
voltage turn-off to experiment, it was found that the above 
parameters are a function of voltage and current. For 
example, depletion width depends on current density in a 
known fashion. Also, undepleted base width controls current 
gain and is thus voltage and current dependent, also in a 
known way. Finally, recombining excess carriers are pushed 
toward and into the more heavily doped buffer region where 
recombination lifetimes are shorter. Here, a less precise 
parameter variation is possible. 


The lower part of Figure 3.2.1 shows turn-off energies calcu- 
lated for inductive turn-off of different currents with various 
snubber capacitors for temperatures of +75°C and +150°C. 
No energies are plotted for turn-offs that would at any time 
exceed the device SOA. In this case the SOA used is for a 
typical device and not all 600V generation 1 MCTs 
(75P60’s). Later, in section 6, measured turn-off energies 
are plotted for the same currents and snubbers. Fits are 
excellent. 


The model described was implemented in “c” programming 
language but could also be implemented, with less accuracy, 
in SPICE. 


3.3. Summary 


A passable SPICE model whose parameters have been fit to 
the first Harris 600V MCT (75P60). This model works well in 
modelling more complex circuits. It does not, however, check 
to see if the SOA has been exceeded. 


We have also shown a different type of model useful for turn- 
off transients which is more physical than the 2-transistor 
SPICE model. 
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MCT Equivalent Circuit Models 
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APPLICATION 
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FIGURE 3.2.18 TURN-OFF ENERGY vs CURRENT AND SNUBBER 
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Characteristics 


With the commercial introduction of the first MCT will come 
many questions concerning use and content of the data 
sheet. While the majority of the ratings, characteristics and 
curves will be familiar to most users, there are some subtle 
differences. This section is intended as a guide to the inter- 
pretation and significance of each of the ratings and charac- 
teristics that appear on a data sheet. The curves and figures 
used to illustrate these descriptions are intended to be 
generic and could be different than the curves included in an 
MCT data sheet. 


Operation Explained by Means of the 
Equivalent Circuit 


Most of the characteristics of an MCT can be understood 
easily by reference to the equivalent circuit shown here. An 
MCT closely approximates a bipolar thyristor (The two tran- 
sistor model is shown) with two opposite polarity MOSFET 
transistors connected between its anode and the proper lay- 
ers to turn it on and off. Since an MCT is an NPNP device 
rather than a PNPN device the output terminal or cathode 
must be negatively biased. Driving the gate terminal nega- 
tive with respect to the common terminal or anode turns the 
P channel FET on, firing the bipolar SCR. Driving the gate 
terminal positive with respect to the anode turns on the N 
channel FET on shunting the base drive to PNP bipolar tran- 
sistor making up part of the SCR, causing the SCR to turn 
off. It is obvious from the equivalent circuit that when no 
gate to anode voltage is applied to the gate terminal of the 
device, the input terminals of the bipolar SCR are untermi- 
nated. Operation without gate bias is not recommended. 


CATHODE 


GATE 


ANODE 


Ratings 


Most of the ratings seen on an MCT data sheet are identical 
to those found on PowerFET data sheets or are explained — 
elsewhere in this document and do not need further explana- 
tion. The ratings which are differ from standard convention 
will be explained below. 


¢ Peak Off-State Blocking Voltage: (Vprm) 
- Maximum allowable cathode to anode _ voltage. 
Explained in characteristic curve section. 
* Peak Reverse Voltage: (Vary) 


- The MCT is not by design a reverse blocking device, but 
like IGBTs it does have sufficient blocking capability to 
allow the use of an antiparallel diode. 


Continuous Cathode Current: (Ic) 
- Explained in characteristic curve section. 


Non-repetitive Peak Cathode Current: (Itsy) 


- This is the maximum allowable current through the 
device in the on-state at the pulse width. Junction tem- 
perature limits the acceptable peak current and pulse 
width. 


¢ Peak Controllable Current: (Itc) 


- This is the maximum amount of cathode current the 
device is rated to turn off when commanded by the MCT 
gate signal. Turn off of the device is guaranteed in the 
circuit listed in the particular data sheet. This capability 
is for both inductive and resistive circuits. The volt amp 
load line in Figure 4.12 must be adhered to during turn- 
off. Attempting to turn the device off at currents higher 
than the rated peak controllable current may result in 
destroying the device. The device may be used at cur- 
rents greater than the peak controllable current if it is 
commutated off at a current at or below the peak con- 
trollable rating. 


¢ Gate-Anode Voltage (Continuous): (Vea) 
- Similar to other MOS gated devices. 


¢ Gate-Anode Voltage (Peak): (Vga) 

- Allows for voltage overshoot during on and off gate volt- 
age transitions, is explained elsewhere in the users 
guide. 

¢ Rate of Change of Voltage: (dv/dt) 
- Explained in characteristic curve section. 


e Rate of Change of Current: (di/dt) 
- Explained in characteristic curve section. 


¢ Maximum Power Dissipation: (P+) 


- A function of the maximum junction to case thermal 
resistance (0.6°C/W) and a maximum delta temperature 
(junction to case) of +125°C. 
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e Linear Derating Factor: 
- Self explanatory. 


¢ Operating and Storage Temperature: (Tj, Tstg) 
- Self explanatory. 


¢ Maximum Lead Temperature for Soldering: (T,) 
- Self explanatory. 


Parameters 


As with the ratings most of the parameters are similar to 
those found on PowerFETs or thyristor class devices, 
parameters which need further explanation will be clarified 
below. 


e Peak Off-state Blocking Current: (lpr) 
- Self explanatory. 


e Peak Reverse Blocking Current: (Ippy) 
- Self explanatory. 


¢ On-state Voltage: (Vt) 
- Explained in characteristic curve section. 


¢ Gate-anode Leakage Current: (Igas) 
- Self explanatory. 


¢ Input Capacitance: (Css) 


- The MCT does not have Miller capacitance therefore it 
does not have gate plateau characteristics. The gate 
can be viewed strictly as a capacitance. 


¢ Switching Characteristics: 
- Explained in characteristic curve section. 


¢ Thermal Resistance: (Rgjc) 
- Self explanatory. 


Static Characteristics 


Low conduction drop of the MCT is what sets it apart from 
MOSFETs, BIPOLARs and IGBTs. As the characteristic 
curves show conduction drop voltage is diode like which 
accounts for the high DC current rating of the device. Impor- 
tant aspects of the conduction drop voltage characteristic are 
the current at which the temperature coefficient is zero and 
the negative temperature coefficient of the conduction drop 
voltage below that current. 
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FIGURE 4.1 TYPICAL CONDUCTION DROP CHARACTERISTICS 


Below the zero temperature coefficient current, conduction 
voltage decreases with increasing temperature; a practical 
ramification of this is that if mismatched devices are paral- 
leled one device could go into thermal runaway. From a par- 
alleling standpoint, it is advantageous to operate in an area 
of positive temperature coefficient which, depending on the 
circuit configuration, could mean operating above the peak 
switching capability of a single device. To operate above the 
zero temperature coefficient current the circuit must reso- 
nate or the current must be commutated to a safe switching 
level before it is switched off. 


Figure 4.2 is a calculated curve which defines the DC cur- 
rent carrying capability of the device vs temperature, the lim- 
iting factor to the current is the rated junction temperature of 
+150°C. This curve was plotted using a junction to case 
thermal resistance of 0.6°C/W and a device with a Ix vs Vry 
curve passing through Vrymax) at Icgo and Ty = +150°C. 
Using the above data and the following formula we can cal- 
culate the curve. 
150-To> 


Te = 150-0.6* Inn * V Lj SE arms 
Cc pc VT DC 06° Van 


The package limit shown on the curve is a wirebond limit and 
is not a function of the MCT die. 
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FIGURE 4.2. TYPICAL DC CURRENT CAPABILITY 
Switching Characteristics 


Hard switched characteristics are described in Figures 4.5 
through 4.10, and Figures 4.3 and 4.4 show the switching 
circuit and switching waveforms respectively. To obtain turn 
on characteristics a double pulse test must be used. The 
first pulse charges the load inductor to Icg9. When cathode 
current reaches Icgo the MCT is gated off, current then trans- 
fers from the MCT to the freewheeling diode. The diode also 
functions as a voltage clamp which limits voltage overshoot 
at turn-off. After the MCT has been given time (3-5us) to 
fully turn off, it is gated back on and current transfers back 
from the freewheeling diode to the MCT. Note that if the 
delay time between pulses is too long the resistance in the 
inductor diode loop and diode losses will cause the current 
to decay below Icgg. Also, if the second pulse is too long the 
maximum switching capability of the MCT could be 
exceeded. 


An important point must be understood for this test and any 
other tests which include hard switching. The peak voltage 
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Via is not the supply voltage but must include any voltage 
excursion above supply voltage while the clamp diode is 
turning on. 


RURG8060 


FIGURE 4.3 INDUCTIVE SWITCHING CIRCUIT 


MAXIMUM RISE AND FALL TIME OF Vg IS 200NS 


Vika 


Tri Tp(on)! 


FIGURE 4.4 INDUCTIVE SWITCHING WAVEFORMS 


Turn-off characteristics are measured at the trailing edge of 
the first current pulse and turn-on characteristics are mea- 
sured at the beginning of the second pulse. Switching time 
measurements are defined as follows: 


- Measured from the 90% point 
of Vg to the 10% point of Ix. 


Turn-Off Delay (Tp(oFr)) - Measured from the 10% point 
of Vg to the 90% point of Ix. 


- Measured from the 10% point 
of Ix to the 90% point of Ix. 


Turn-On Delay (Tpion))) 


Turn-On Rise Time (TR;) 


Turn-Off Fall Time (Tp) | - Measured from the 90% point 


of Ik to the 10% point of Ix. 


Switching loss measurements are defined as the integral of 
the instantaneous power loss within the following time inter- 
vals: 


Turn-On Switching Loss - Measured from the 90% point 


(Eon) of Ve to the Vika = Vim point. 
Turn-off switching loss - Measured from the 10% point 
(Eorr) of Vg to the IK = 0 point. 


Maximum operating frequency curves for a typical device 
(Figure 4.11) are presented as a guide for estimating device 
performance for a specific application. Other typical fre- 
quency vs cathode current (lax) plots are possible using the 


information shown for a typical unit in Figures 4.5-4.10. 
The operating frequency plot of a typical device shows frax1 
Or fyyaxe Whichever is smaller at each point. The information 
is based on measurements of a typical device and is 
bounded by the maximum rated junction temperature. 
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FIGURE 4.5 TURN-ON DELAY vs CATHODE CURRENT 
(TYPICAL) 
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FIGURE 4.6 TURN-OFF DELAY vs CATHODE CURRENT 
(TYPICAL) 


100 110 120 


500 
Ty = +150°C, Rg = 10, L = 200uH 


400 


300 EET EEE LLL 
Pee 


200 


RISE TIME (Tp) (ns) 


10 20 30 40 50 60 70 80 90 
CATHODE CURRENT (Ix) (A) 


FIGURE 4.7 TURN-ON RISE TIME vs CATHODE CURRENT 
(TYPICAL) 
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Ty = +150°C, Rg = 10, L = 200uH 
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FIGURE 4.8 TURN-OFF FALL TIME vs CATHODE CURRENT 
(TYPICAL) 
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FIGURE 4.9 TURN-ON ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 
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FIGURE 4.10 TURN-OFF ENERGY LOSS vs CATHODE CURRENT 
(TYPICAL) 
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FIGURE 4.11 TYPICAL Fy,ay CURVES 


FMAXt is defined by Fax =0.05/ (Tp,onyi+ TD(OFF)))- TD(on)I + 
TporF) deadtime (the denominator) has been arbitrarily held to 
10% of the on-state time for a 50% duty factor. Other definitions 
are possible. Device delay can establish an additional frequency 
limiting condition for an application other than Tjmax- Tpiorr! is 
important when controlling output ripple under a lightly loaded 
condition. 


Fmaxo is defined by Fyyaxo = (Pd - Pc) / (EontEorr). The allow- 
able dissipation (Pd) is defined by Pd = (Tax - Tc) / Rac. The 
sum of device switching and conduction losses must not exceed 
Pd. A 50% duty factor was used and the conduction losses (Pc) 
are approximated by Pc = (Vax:lax). Eon is defined as the power 
loss starting at the leading edge of the input pulse and ending at 
the point where the anode-cathode voltage equals the conduc- 
tion voltage drop, (Vax = Vy). Eorr is defined as the power loss 
starting at the trailing edge of the input pulse and ending at the 
point where the cathode current equals zero (Ix = 0). 


Because Turn-on switching losses can be greatly influenced by 
extemal circuit conditions and components, Fry, Curves are 
plotted both including and neglecting turn-on losses. 


P-type MCTs have switching SOA limitations as other P-type 
semiconductor switches as shown in Figure 4.12. Switching 
capability is primarily impacted by three things: 


1. Gate voltage rise time - Gate voltage rise times longer than the 
times recommended in the data sheet will lower switching 
SOA capability below that shown in the Figure. 


2. Gate voltage during tum-off - The gate voltage must reach and 
maintain the recommended level until the MCT is fully turned 
off. Gate voltages lower than the recommended level will 
cause the horizontal upper switching limit to move down. De- 
pendence of switching capability on Vg is described else- 
where in the users guide. 


3. Via peak - In the high voltage region of the switching curve, 
switching capability is also impacted by the peak level of 
Via during the switching transition. As mentioned previous- 
ly, the voltage must include any overshoot above supply 
voltage. The overshoot will be of very short duration so an 
oscilloscope capabile of measuring very short pulses should 
be used. 
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Ty = +150°C, Vg, = 18V, L = 200uH 
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FIGURE 4.12 TYPICAL TURN-OFF CAPABILITY CURVE 


Spike voltage data is intended to aid the user in evaluating 
MCT performance in zero voltage resonant switching cir- 
cuits. Spike voltage is defined as the peak amplitude Vea 
will reach before the device latches on. As shown in Figure 
4.13, Vspixe increases with temperature and can be reduced 
by adding or increasing the size of the anode-cathode 
Capacitive snubber. 


SPIKE VOLTAGE (V) 


di/dt (A/us) 
FIGURE 4.13 TYPICAL SPIKE VOLTAGE CURVES 


In the spike voltage test circuit (Figure 4.14) the purpose of 
the 20V supply, diode and 500Q resistor loop is to reverse 
bias the MCT. The reverse bias is intended to simulate the 
MCT bias in a resonant switching circuit as current begins 
flowing in the MCT. Figure 4.15 shows the timing of wave- 
forms during the test. Load inductance and supply voltage 
are adjusted to provide the desired di/dt. Because Vopx¢ 
subtracts from the inductor voltage it will cause the current 
ramp to be nonlinear. As Vspjxg is increased, supply voltage 
will also need to be increased to reduce the nonlinearity of 
Ik. 

Two factors that may reduce the blocking voltage capability 
of the MCT are temperature and dv/dt. Figure 4.16 shows 
the relationship of the blocking voltage of a typical MCT to 
dv/dt. Temperatures above the rating (+150°C) will also 
reduce blocking voltage to less than rated voltage. 


BREAKDOWN VOLTAGE (Vprm) (V) 
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FIGURE 4.14 Vspixe TEST CIRCUIT 
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FIGURE 4.15 SPIKE VOLTAGE WAVEFORMS 
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FIGURE 4.16 TYPICAL BLOCKING VOLTAGE vs dv/dt 


Gate Circuits 


5.0 MCT Gate Drive Requirements and 
Gating Circuits 


The MCT has a MOS gate, similar to FETs and IGBTs, mak- 
ing it relatively easy to drive. The MCT gate capacitance is 
typically 10nF. Unlike other MOS gate devices the MCT gate 
experiences essentially no Miller current during switching, 
simplifying gate drive requirements. However there are sev- 
eral differences compared with other MOS gate devices that 
must be considered for successful operation. These differ- 
ences will be discussed in more detail in the following sec- 
tions. A brief discussion of several gate drive circuits can be 
found in section 5.3.0. 


5.1 Gate Waveform 
5.1.1 Boundary Limits 


Rated performance of the MCT requires that the gate wave- 
form meet criteria in amplitude and risetime. Figure 5.1.1 
shows a graph of boundary limits for an acceptable gate 
waveform. The gate waveform should fall within the steady 
state limits during MCT ON or OFF time of the gate pulse. 
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The gate waveform should fall within the shaded areas dur- 
ing the waveform transitions. These boundry limits are dis- 
cussed in more detail in the following sections. 


5.1.2 Negative Amplitude 


The MCT is gated ON with a voltage that is negative with 
respect to the MCT anode. Since the MCT is a thyristor, 
internal regeneration will insure that the device switches fully 
to the ON state once cathode current exceeds the device 
holding current (mA’s). The -7V steady state ON voltage 
boundary insures the MCT will switch ON and switch with 
reasonable delay time. The -20V steady state boundary 
insures that the gate will not be damaged from excessive 
voltage. 


5.1.3 Negative Going Transition 


One distinct difference between the MCT and other MOS 
gated devices is that the gate cannot be used to control the 
switching time of the MCT although the slope of the negative 
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FIGURE 5.1.1. BOUNDRY LIMITS FOR MCT GATE WAVEFORM 
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going gate voltage transition does influence switching delay 
time. As the transition time is reduced gate displacement 
current will cause the MCT to initiate turn-on while the gate 
voltage is still positive. The boundary limits permit overshoot 
in negative going gate voltage. 


5.1.4 Positive Amplitude 


The MCT is gated OFF and held OFF with a voltage that is 
positive with respect to the MCT anode. The 18V 21.5us 
duration OFF voltage boundary insures the MCT will switch 
off rated current at +150°C. The 20V steady state boundary 
insures the gate will not be damaged from excessive volt- 
age. We do, however, allow the voltage to overshoot 20 volts 
to 25 volts but on a transient bases only 


5.1.5 Positive Going Transition 


The MCT turns-off by internal FET transistors shorting the 
base-emitter junction of the internal PNP transistor. To maxi- 
mize turn-off capability the shorting FETs must be turned ON 
uniformly and rapidly to ensure that all MCT cells turn off 
essentially the same current. If the gate voltage rises slowly 
current will redistribute among the cells reaching a value in 
some cells that cannot be turned off. This requirement 
establishes the 200ns boundary time of the positive going 
transition. To ease problems with inductive gate overshoot 
the gate voltage is allowed to transiently go as high as +25 
volts. 


5.2.1 Derating 


If the minimum positive steady state gate voltage is reduced 
or if the positive going gate voltage transition time is 
increased the turn-off capability of the MCT is reduced as 
shown by the curves in Figure 5.2.1 and Figure 5.2.2. These 
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curves are not to be interpreted as device ratings. They 
show measured performance on a small sample of devices 
that are believed to be representative of the broad popula- 
tion of devices. The solid line curves are suggested limits 
that could be used to estimate reduced lo¢r¢ capability result- 
ing from non-ideal gate voltage waveforms. The gate voltage 
referred to in Figure 5.2.2 occurs during the 1.5us immedi- 
ately following the positive gate transition. If increased rise 
time and reduced gate voltage occur simultaneously the % 
rating factors must be multiplied together. For example a 
gate pulse rise time of 0.5us to 16V can be expected to 
reduce lorr capability to (0.6 x 0.83) 50% of rated. 


5.3. Gating Circuits 
5.3.1 Circuits Using Commercial Parts 


Circuits for gating an MCT should meet the following require- 
ments. 


¢ Gate Drive Voltage - upto +20V 

¢ Rise/Fall Time - <200ns 

¢ Peak Current - upto2A 

¢ Thermal - Handle Gate Current’ vs 


Frequency Plus DC Losses 


e Signal Interface - Typically Magnetic or 


Isolation 


Optical 


¢ Power Isolation - Gate Drive Circuit Ohmically Con- 
nects To MCT Anode. Isolation 
Required For Bus Voltage And 


Switching dv/dt. 
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FIGURE 5.2.2 I-OFF vs GATE VOLTAGE (TYPICAL) 
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The circuits that follow illustrate several different approaches 
for gating the MCT. The fact that the required peak to peak 
MCT gate voltage exceeds FET drive requirements narrows 
the choices of commercially available ICs that can directly 
gate the MCT. Each of the driver circuits will typically be 
energized from a transformer secondary (usually high fre- 
quency) and rectifier to provide isolated DC power. The 
switching signal will typically be coupled through a fiber optic 
light pipe or optocoupler. Either of these would be energized 
from the isolated DC voltage through appropriate voltage 
divider or zener diode. 


5.3.2 Circuit 1 - Using Dual FET Drivers 


Figure 5.3.1 shows a gate drive circuit topology which uti- 
lizes two dual 15V-18V rated FET driver ICs and discrete 
FETs to generate the required 20V+ MCT gate turn off sig- 
nal. The secondary of power supply transformer produces 
+13V which energizes the two dual power inverters con- 
nected between the transformer neutral and each rail. The 
input signal at terminal 2 is level shifted to drive upper and 


lower power inverters which in turn drive FET transistors Q1 
and Q2. The voltage capability of these transistors must 
exceed the 26V range required for the MCT. Components 
D1-R3 and D2-Ré4 provide differential delay to avoid overlap 
short circuit current through Q1 and Q2. Resistor R11 pro- 
vides damping for gate voltage waveform. Resistors R1 and 
R2 establish the division of bus voltage between positive 
and negative voltage applied to the MCT gate. Capacitors 
C1 and C2 provide bus filtering and the peak current 
required to switch the MCT gate capacitance. 


Assessment: 
+ Circuit Operation is Tolerant of Bus Voltage Variation. 


+ Circuit Can Drive MCTs in Parallel by decreasing rpson) 
of Q1 And Q2. 


+ Multiple Sources for all Parts. 


- Circuit is Relatively Complex for Driving a Single MCT. 


C.T. 


4 
4 Vs, 20V - 28V 
2 Vp, 5V MAX 
1 COM 
2 
1 
NOTE: V2+ = MCT GATED ON 
V2 PULSE = 5V MAX 
R1 =6.7K C1 = 10uF, 25V 
R2 = 3.3K C2 = 10F, 25V 
R3 = 3K C3 = 100pF 
R4 = 3K C4 = 100pF 
R5-15K 
aR REDE 
R7 = 15K = = a 
R8 = 15k ~ 
R9 = 100 B1 =ICL7667 
R10=1000 39 =1CL7667 
R11 =0.15 


FIGURE 5.3.1 MCT GATE DRIVE CIRCUIT USING TWO DUAL FET DRIVER ICs 
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FIGURE 5.3.2 MCT GATE DRIVE CIRCUIT USING UNITRODE POWER DRIVER IC 
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FIGURE 5.4.2. MCT GATE DRIVE CIRCUIT USING HARRIS DEVELOPMENTAL DRIVER IC 
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5.3.2 Circuit 2 - Using Power Driver IC 


Figure 5.3.2 shows a gate drive circuit topology which uses a 
35V rated FET power driver to generate the required 20V+ 
MCT gate signal. The transformer and diodes produce the 
26V required to directly energize the power driver. The input 
is compatible with a variety of opto receivers. Resistor R3 
provides damping of gate voltage waveform. Resistors R1 
and R2 establish the division of bus voltage between posi- 
tive and negative voltage applied to the MCT gate. Capaci- 
tors C1 and C2 provide bus filtering and the peak current 
required to switch the MCT gate capacitance. This circuit is 
attractive however the user should be aware that this driver 
has an internal thermal shutdown feature which drives the 
output low if the temperature exceeds +155°C. This will gate 
the MCT ON, which probably will be judged undesirable. 


Assessment: 

+ Circuit Uses Few Components. 

+ Higher Output Current Drivers Available. 

_ Internal Thermal Shutdown (+155°C) Gates MCT On. 
5.4.0 Circuits Using Developmental Parts 

5.4.1 MCT Driver Il 


An MCT driver IC has been developed which is not yet avail- 
able commercially. This IC has been designed to provide the 
power circuit designer with many useful functions. Figure 
5.4.1 shows a simplified diagram of this integrated circuit. 
The circuit contains three major blocks, power circuit, main 


MCT ON/OFF channel and auxiliary comparators. In this dis- 
cussion all voltages are referenced to the PA terminal, which 
is typically connected to the MCT anode. 


The IC can be powered from a negative supply (7V - 12V), 
internally clamped at 12V, or from center tapped supply (P- 
to PA to P+) or from a single ended supply (P- to P+). When 
using a negative supply an internal charge pump energizes 
the P+ terminal. A -4.7V reference voltage can sink up to 
30mA and can be used to directly energize opto receivers or 
other control circuits. Standby current is less than 5mA for 
the IC. 


All control signals enter the IC through comparators which 
require only a few mV of input signal. The common mode 
range includes the PA terminal and -4.7V REF terminal 
allowing several volts of noise rejection. The main ON chan- 
nel controls the gate output which is capable of driving 4 
MCT gates connected in parallel. The ON channel includes 
Minimum-ON-Time and Minimum-OFF-Time functions which 
are user programmable by adding external capacitance. 
These functions can be used to provide adequate snubber 
reset time for example. 


The IC contains both undervoltage inhibit and a latch which 
when set will force the ON channel to the MCT OFF state. 
The latch is set by the L comparator and is reset by the R 
comparator. When the latch is set the LO output will sink cur- 
rent (20mA max) for driving LED. With these inputs the user 
can implement over current or over temperature lockout 
functions for example. 
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The IC also contains two uncommitted comparator channels. 
The “A” channel has a totem pole output, “AO”, capable of 
driving 20mA. The “B” channel has two comparator inputs 
which are OR’ed together and drive the “BO” output which 
will Source current (20mA max) for driving an LED. These 
uncommitted channels can be used for detection, timing, 
and logic functions for example. 


Figure 5.4.2 shows how this integrated circuit can be used in 
its simplest configuration to drive an MCT. The REF terminal 
can be used to power an opto receiver and provide refer- 
ence voltage for the comparator input. In the arrangement 
shown resistors R1 and R2 establish the division of bus volt- 
age between positive and negative voltage applied to the 
MCT gate. Capacitors C1 and C2 provide bus filtering and 
the peak current required to switch the MCT gate capaci- 
tance. Resistor R3 powers the integrated circuit. Resistor R4 
provides damping the gate voltage waveform. 


Figure 5.4.3 shows MCT gate voltage waveforms when 
driven by this IC. The + or - amplitude can be adjusted by the 
power supply voltage and resistors R1 and R2 to supply the 
desired amplitude of gate voltage. 


Section 6.3 describes a DC circuit breaker which utilizes two 
MCTs and two of these driver ICs to implement all of the con- 
trol circuits. 
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NOTE: + AND - AMPLITUDES CAN BE ADJUSTED TO MATCH 

RECOMMENDED DRIVER REQUIREMENTS. 
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FIGURE 5.4.3 OUTPUT VOLTAGE OF DEVELOPMENT MCT 
GATE DRIVER IC DRIVING ONE MCT GATE 
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6.0 Using The MCT 


The MOS Controlled Thyristor (MCT) is a solid state unidi- 
rectional power switch that exhibits low conduction drop 
(2volts - 3 volts) at high current as illustrated in Figure 6.0.1. 
As described in section 2, the MCT requires low power to 
gate, has high surge current, high di/dt and dv/dt withstand 
capability and is able to switch at junction temperature in 
excess of +150°C. The MCT should be considered for power 
switching applications where high current capability with rel- 
atively low conduction loss are prime requirements. 


PTT Py ery 
> > 
2 = 
4 - 

N x 
“ > 
: 


20usec/DIV 


VOLTAGE ACROSS MCT DURING 1300 AMP 
PEAK PULSE 


FIGURE 6.0.1. 


This section discusses key issues for successfully using the 
MCT in power switching circuits such as inverters, convert- 
ers, motor drives, pulse circuits, etc. The discussion is 
divided into five categories; Hard Switching, Soft Switching, 
SCR circuits, AC Switch circuits and Complementary cir- 
cuits. 


6.1.0 Hard Switched Operation 
6.1.1 Turn-OFF Stress 


Hard switching circuit applications subject the switching 
MCT to substantial simultaneous voltage and current during 
switching, resulting in high instantaneous power dissipation 
in the MCT. Many power conversion circuits operate in the 
hard switched mode. The diagram in Figure 6.1.1 shows a 
circuit that generates hard switched stresses on the MCT 
and this circuit will be used as a basis for discussing hard 
switched operation. The circuit is operated at very low duty 
factor allowing the MCT to be stressed up to rated voltage 
and current from a low power source. The MCT can be artifi- 
cially heated (hot plate) to simulate self-heating. 


The MCT in Figure 6.1.1 switches inductive current pulses 
from a low impedance power supply. Capacitor C1 is the DC 
source capacitor and must be large enough to supply the 
current pulse with less than 5% voltage droop. In practice it 


may be implemented with an electrolytic capacitor paralleled 
by a low impedance Multi Layer Ceramic capacitor. Inductors 
L1a and L1b are the stray inductances associated with the 
circuit loop connecting C1, D1 and MCT Q1. Inductor L2 is 
the principal load impedance limiting current during a pulse. 
Diode D1 clamps the MCT voltage to the supply bus and 
provides a current path for current in L2 to flow when the 
MCT is not conducting. Components R2, D2, C2 form a 
polarized snubber which, under some operating conditions, 
may be needed to control MCT overshoot voltage or keep 
the V-I switching path within the allowable SOA. 


+ 


pc C2 TBD 


SUPPLY 
VOLTAGE 


L2 
100u.H 


FIGURE 6.1.1 CIRCUIT THAT GENERATES HARD SWITCH- 


ING STRESS ON THE MCT 


The logr test uses wave form (a) to gate the MCT. When the 
MCT is gated ON current increases through inductance L2 to 
the desired peak current value. The ON time and the load 
inductance are selected to reach the desired current in about 
50us, for example. When the MCT is gated OFF the current 
through the MCT remains constant as the voltage increases 
until diode D1 conducts, clamping the cathode voltage to the 
negative bus. During this transition interval the MCT is sub- 
jected to high peak power dissipation. The increase in MCT 
voltage typically occurs rapidly (1000’s V/us) as the load cur- 
rent charges the equivalent capacitance of the MCT (~30nF). 
The turn-off of the MCT cannot be safely slowed down by 
reducing the gate drive as discussed in section 5.1.5. 


While switching off, the instantaneous values of MCT voltage 
and current must stay within the safe switching area or 
"SOA" (Safe Operating Area) shown in Figure 6.1.2 The high 
current boundary of this curve is the maximum current that 
the MCT can turn off and is limited by the resistance of the 
internal OFF-FETs. The negative slope boundary is the SOA 
limit for the MCT. During the fast voltage transition, while 
switching off, stray inductance L1 will allow the MCT voltage 
to transiently exceed the supply voltage. For small values of 
stray inductance the overshoot voltage may be adequately 
limited by the capacitance of the MCT. For larger values of 
stray inductance it will be necessary to utilize a snubber net- 
work (C2, D2, R2 for example) to limit overshoot voltage. 
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The MCT power loss when switching off is a function of 
device current, peak voltage and junction temperature. In 
power circuit applications it may be necessary to add a 
snubber capacitor to keep the MCT I-V switching path within 
the safe switching area. In addition, snubber capacitance 
may be needed to reduce overshoot voltage, as previously 
discussed. The family of curves in Figure 6.1.3 shows typi- 
cal MCT switching loss at +75°C and at +150°C, the maxi- 
mum junction temperature for one of our 75P60 600V P- 
MCTs. These curves cover a range of peak voltage, snubber 
capacitor values and current enabling the estimation of 
switching loss under user conditions. Nine of these sets of 
curves are for +150°C junction temperature operation and 
therefore represent maximum typical losses in the MCT. The 
curves whose endpoints reach 120 amperes are limited by 
maximum turn-off ability of the MCT. The curves whose end- 
points are less than 120 amperes are at or near the SOA 
limit of the MCT. In addition to the +150°C data, 3 sets of 
curves allow turn-off energy to be estimated at +75°C. Some 
of these measured switching loss curves extend beyond the 
Safe Switching Area limit shown in Figure 6.1.2. This does 
NOT imply that the Safe Switching Area limit can be 
exceeded safely for all devices. 


Ty = +150°C, Vg, = 18V, L = 200.H 
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FIGURE 6.1.2. TURN-OFF CAPABILITY vs ANODE-CATHODE 
VOLTAGE 


6.1.2 Turn ON Stress 


-550 


In the hard switched case, the MCT turns on from high block- 
ing voltage with minimal inductance to limit increase in cur- 
rent. This condition occurs in the circuit of Figure 6.1.1 when 
gate waveform (b) is used. During the initial ON interval the 
test current is established in the inductor as previously 
described. After brief (5us) off-period, which allows the MCT 
to fully recover blocking, the MCT is gated ON again for 5us. 
During this second turn-on the MCT may experience high 
di/dt while the conducting diode recovers blocking voltage. 
The 5us ON-time allows the MCT to turn on fully before the 
final OFF-transition occurs. These switching conditions are 
found in many types of inverter/converter circuits. 


The presence of stray inductance L1 allows the MCT voltage 
to fall during current transfer and reduces the magnitude of 
peak diode recovery current. However this is in conflict with 
the requirement of reducing stray inductance to limit over- 
shoot voltage and switching losses as discussed in section 
6.1.1. In practice, it is typically found that overshoot voltage 


is the more limiting factor. Therefore, reducing stray induc- 
tance is probably the proper design objective. Typically, with 
fast recovery diodes, the MCT turn-ON switching loss is rela- 
tively small. Figure 6.1.4 shows typical turn-on energy loss 
as a function of cathode current for 200 volts and 300 volts. 
The MCT current that occurs during recovery of the diode 
can be several hundred amperes and is typically within the 
surge capability of the MCT. Device failures have been 
observed with turn-on di/dt in the range of 6000A/us. 

Ty = +150°C, Rg = 12, L = 2001H 
a A 
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FIGURE 6.1.4. TURN-ON ENERGY LOSS vs CATHODE CUR- 
RENT (TYPICAL) 


6.2.0 Soft Switched Operation 


Soft switching and resonant power circuits are being 
employed,in part,as a means of reducing switching losses 
and stress on power switches thereby allowing higher oper- 
ating frequency (references section 9 papers 16, 28, 33, 35). 
Soft switching occurs when the power switch is near zero 
current and/or zero voltage during the switching event. There 
are many different circuit topologies that limit switching 
stress on power switches. In these topologies the power 
switch is typically connected as part of an LC circuit and 
operated in one of two different modes. First, it can operate 
with the power switch in series with an inductor or second, 
with the power switch in parallel with a capacitor. The circuit 
in Figure 6.2.1 generates soft switching stresses on the 
MCTs and this circuit will be used as the basis for discussing 
soft switching operation. 


6.2.1 Circuit Operation 


The circuit in Figure 6.2.1 is operated in the following 
sequence. Initially capacitor C1 is discharged by a large 
value resistor R1. The switching sequence is initiated by gat- 
ing MCT Q1 ON followed by gating MCT Q2 ON. Current 
increases linearly through the inductor as established by 
Vsupply/L1. When MCT Q1 is gated OFF the voltage 
increases across MCT Q1 as _L1 and C1 ring. The peak volt- 
age across MCT Q1 is determined by the resonant imped- 
ance of L1C1 and the value of current in the inductor L1 at 
the time MCT Q1 is gated OFF. When the oscillation decays 
C1 will be charged to the supply voltage and the current 
through MCT Q2 will be small (Vsupply/R1). MCT Q2 can be 
gated OFF and C1 will discharge through R1 completing the 
sequence of operation. 
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FIGURE 6.1.3. LOT 81 INDUCTIVE LOAD TURN-OFF ENERGY AS A FUNCTION OF SNUBBER CAP. AND CURRENT 
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6.2.2 Series Inductor Case 


In the circuit in Figure 6.2.1 MCT Q2 is in series with induc- 
tor L1. Soft switching occurs if the current in the series 
inductor is substantially zero at the time of switching. If the 
inductor is larger than a few pH current increase during volt- 
age collapse (<100ns) will be limited to a few amperes 
resulting in low turn-on loss. 

+ 


SUPPLY 
VOLTAGE 


FIGURE 6.2.1 CIRCUIT THAT GENERATES SOFT SWITCHING 


STRESS ON THE MCT 


During the circuit operating cycle inductor L1 and capacitor 
C1 ring causing current to flow through diode D2. MCT Q2 
can be gated OFF during the oscillation while diode D2 is 
conducting, achieving soft switching. As the current tries to 
reverse both diode D2 and MCT Q2 block. If the conduction 
time of diode D2 has been longer than the recombination 
time of the MCT (<2us) only displacement current will flow 
during the voltage increase across the MCT resulting in low 
switching loss. However, if the conduction time of diode D2 is 
<2us, the MCT will not be fully recovered when forward volt- 
age appears across the MCT. The remainder of the recombi- 
nation tail current will flow, resulting in a small to moderate 
switching loss. In addition, since the MCT is not fully recov- 
ered, the turn-on voltage spike (discussed in section 6.2.3) 
will be reduced. 


6.2.3 Parallel Capacitor 


In the circuit in Figure 6.2.1 capacitor C1 is in parallel with 
MCT Q1. Soft switching occurs in MCT Q1 when the capaci- 
tor voltage is near zero at the time of switching. The ideal 


SPIKE VOLTAGE (V) 


1 6 11 16 21 26 31 36 41 46 
d/dy (A/us) 


FIGURE 6.2.2. SPIKE VOLTAGE vs D,/Dy (TYPICAL) 


soft switched turn-on is degraded by the need for a small 
charge to flow into the MCT before it can switch ON. This will 
result in a voltage spike occuring across the MCT prior to 
turn-on. The curves in Figure 6.2.2 enable estimating the 
magnitude of this turn-on voltage spike. The curves show 
turn-on spike voltage as a function of current di/dt flowing 
into the parallel combination of capacitor and MCT. The test 
conditions duplicate circuit operation by having the MCT 
gated ON prior to becoming forward biased. These curves 
indicate that a turn-on voltage spike of several volts should 
be expected when switching 1kH resonant current increas- 
ing to several 10’s of volts at 100kH. 


When the MCT switches ON it discharges the capacitor 
resulting in a power loss. The curve in Figure 6.2.3 shows 
the value of MCT switching loss as a function of current di/dt 
flowing into the parallel combination of capacitor and MCT. 
The MCT loss results from MCT current flow prior to reach- 
ing peak voltage on the capacitor plus discharge of the 
capacitor. 


1.0 


SNUBBER 
CAPACITOR 


TURN-ON SWITCHING LOSS (mJ) 


30 40 50 60 
di/dt (A/us) 
FIGURE 6.2.3. SNUBBERED TURN-ON ENERGY LOSS IN MCT 
vs di/dt (TYPICAL) 


The parallel capacitor snubbers the MCT during turn-off. 
This allows circuit current to transfer from the MCT into the 
capacitor slowing the increase in voltage across the paral- 
leled MCT and capacitor combination. As a result switching 
losses in the MCT are reduced as discussed in section 
6.1.1. An upper bound of MCT turn-off switching loss can be 
estimated using the curves in Figure 6.1.3 for the same size 
Capacitor. 
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6.2.4 MCT Dynamic Breakdown Voltage 


Off-state DC blocking voltage of the P-type MCT is reduced 
by the presence of carriers within the device. When the MCT 
is blocking voltage, carriers can be present due to a) un- 
recombined carriers remaining in the turn-off recombination 
tail, b) displacement current from dv/dt and c) thermal gener- 
ation current. Figure 6.2.4 shows the effect of a linear dv/dt 
ramp from zero voltage at +150°C on reducing DC blocking 
voltage. If your blocking voltage trajectory is less stringent, 
for example, sinewave or exponential, then it is appropriate 
to add some B.V. correction. This is discussed more fully 
below for dv/dt’s that are essentially sinewaves. 


Ty = +150°C, Vg = 18 V 
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FIGURE 6.2.4. BLOCKING VOLTAGE vs dv/dt 
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FIGURE 6.2.5. TYPICAL 75P60 600V P-MCT B. V. INCREASE 
ABOVE HIGH dv/dt LIMIT DUE TO "EASIER" 
SINEWAVE VOLTAGE dv/dt 


In some circuits the MCT is paralled by the resonating 
capacitor. When the MCT is turned-off the voltage will typi- 
cally ring up across the MCT. It might be expected that the 
peak MCT voltage could safely approach the DC blocking 


voltage since dv/dt goes to zero at the voltage peak. How- 
ever, since the internal carriers have a finite lifetime the volt- 
age blocking capability becomes a function of current 
turned-off and sinewave pulse width. The curves in Figure 
6.2.5 show how blocking voltage inceases above the high 
dv/dt limit of Figure 6.2.4 for decreasing resonant frequency. 
Because of the current that can be remaining from the turn- 
off recombination tail, we have chosen to show curves and 
data for turn-off currents from zero to 120A, the peak rated 
turn-off capability of the 75P60 600V P-MCT. 


In Figure 6.2.5 an MCT operated at +150°C junction temper- 
ature in which no current had to be turned off, is seen to 
have a dynamic breakdown voltage that increases from Fig- 
ure 6.5.4’s 550 volts at very high frequency to about 600 
volts at 45KHz and 685 volts at 20KHz. At the other extreme 
the same MCT, after turning off 120A, has the same 550 volt 
breakdown voltage at very high frequency, a 600 volt break- 
down voltage at 34KHz and a projected 670 volt breakdown 
voltage at 20KHz. 


References - Section 9 papers 16, 28, 33, 35, 39 


6.3.0 SCR Circuits 


The MCT shares high surge current capability of the SCR 
and therefore is the ideal power switch for many thyristor 
applications . In addition the MCT has other superior charac- 
teristics for thyristor applications. The MCT is fabricated with 
thousands of turn-on cells using LSI fine geometry. This 
results in a device that can switch on in less than 100ns and 
will withstand current rise in excess of several thousand A/us 
with peak current in excess of several thousand amperes. 
The high density of internal off-cells enables the MCT to turn 
off and block voltage essentially instantly. In addition the off- 
FETS prevent false dv/dt triggering to greater than 10,000 
V/us at +150°C operation. 


Some circuit applications can effectively utilize the surge cur- 
rent capability of the MCT. For example, MCTs have been 
used to switch large capacitor banks for the purpose of gen- 
erating high peak power pulses. In other applications some 
inverters use an auxiliary MCT to resonantly transfer load 
current between the main power switches of a bridge leg. 
Here the auxiliary MCT carries about 1.5X load current for a 
few microseconds during the resonant pulse. A single MCT 
can commutate a much higher current rated power switch. 


The curve in Figure 6.3.1A shows MCT voltage drop vs cur- 
rent up to 2000 amperes. This data was obtained by pulsing 
the MCT with half sinewaves of current and measuring volt- 
age at the current peak to avoid inductive errors. The upper 
current limit of the pulse test was controlled by the range of 
our current sensor. Note in the lower curves the good corre- 
lation with data obtained from the 400 ampere pulse curve 
tracer. This data was used to estimate surge current with- 
stand capability shown in Figure 6.3.1B. 


The curve in Figure 6.3.1B provides guidance in estimating 
allowable surge current pulses. This curve is based on a 
+60°C adiabatic junction temperature rise. From thyristor 
technology it has been established that repeated surge 
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pulses produce micro cracks in the device die that propagate 
with repeated pulses to ultimately cause failure. The table in 
Figure 6.3.1B provides insight in estimating the number of 
surge pulses which will likely produce failure. 
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FIGURE 6.3.1B TYPICAL 600V P-MCT SURGE CAPABILITY 


Our forward voltage drop pulse tester was also used to 
observe higher peak currents and very high di/dt’s. Failures 
were observed after several pulses for 4 75P60 P-MCTs as 
shown below: 


a) Die 48 : Ipk = 4795A di/dt = 6557A/us 
b) Die 50 : Ipk = 5328A di/dt = 6875A/us 
c) Die 54: Ipk = 5650A di/dt = 7377A/us 
d) Die 55 : Ipk = 5902A di/dt = 8338A/us 


Although this might suggest that the allowable di/dt can be 
increased above the 2000A and 2000A/us of the 75P60 
600V P-MCT this does NOT indicate that all devices will sur- 
vive higher than rated di/dt and surge current. 


6.3.1 DC Circuit Breaker 


A solid state DC circuit breaker is another application which 
can utilize the surge current capability and fast recovery of 
the MCT. In addition the control logic can be implemented 
using the general purpose custom MCT driver IC described 
in section 5.4.1. A 75 ampere instantaneous trip DC circuit 
breaker with 1000A interrupt capability will be described to 
illustrate the features and capability of the MCT driver IC and 
MCTs. This application utilizes developmental N-type MCTs 
fabricated at Harris Power R&D center (see section 8 for 
information on "What’s ahead for MCTs"). These N-type 
MCTs exhibited only 10A of gated loff capability. This appli- 
cation could be as effectively implemented with the commer- 
cial P-type MCT. Its lower SOA capability compared to the 
N-type device would not negatively impact the application. It 
would, however, be necessary to slightly modify the circuit to 
accept opposite polarities of the P-type device. 


Circuit breakers must be able to momentarily carry up to 10X 
to 20X rated current to handle inrush current from motor and 
lamp loads, for example. The N-type MCT used for this 
breaker application was similiar in conduction capability to 
the 75 ampere 75P60 MCT. These MCTs can easily carry 
surge current of 10X steady state rating. While the N-type 
MCT turn-off was limited to only 10 amperes, a second 
N-type MCT was used in an LC pulse circuit to commutate 
current in the first MCT. With this arrangement the breaker is 
able to interrupt fault current over 10X rated current. Of 
course the commutation circuit can be triggered to interrupt 
lower values of current. Many breakers have an inverse cur- 
rent/time trip characteristic which allows these momentary 
inrush currents to flow without tripping the breaker. That fea- 
ture could be added to the instantaneous breaker. In the cir- 
cuit to be described, the trip current level can be adjusted 
from 0.1X to over 10X steady state rated current. 


Figure 6.3.2 shows the power circuit for the DC instant trip 
breaker. MCT Q1 carries the load current. MCT Q2, capaci- 
tor C1 and inductor L1 form the commutating circuit. The 
commutating capacitor C1 is maintained charged by the iso- 
lated power supply. When excess current is sensed in the 
load shunt the auxiliary MCT Q2 is gated on. The commutat- 
ing current pulse flows from C1 through Q2, D1, and L1. 
During the time that diode D1 is conducting the main MCT 
Q1 is reversed biased. During this interval it is gated OFF. As 
the commutating current decreases voltage will increase 


10-28 


Applications 


POS. LINE LOAD 


POWER 5 3 AUX. 
SUPPLY MCT 


-|24v | + 

r= = = = = q 
i I 
1 CONTROL COMM CAP GATE SIGNALS CURRENT j 
POWER VOLT SENSE SENSE 1 

I 
| I 
' CONTROL CIRCUIT FIGURES 6.3.4 AND 6.3.5 , 
a ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee ee e | 


FIGURE 6.3.2. POWER CIRCUIT OF DC INSTANT TRIP BREAKER 


across MCT Q1 until reactive load energy is transfered into 

the varistor. With this circuit arrangement the MCT can carry 

steady state current up to its thermal rating (~75A) and inter- TRIP | 
rupt fault currents up to about 1000 amps. Because the MCT = ADMUST 
recovers within a few us the commutating current pulse can 

be short, minimizing the size of the commutating capacitor. 

The auxiliary MCT Q2 switches the 1700A peak commutat- 

ing current pulse. The MCTs are always gated OFF when CLOSE 
they are reverse biased or carrying very low current. 


Figure 6.3.3 shows a block diagram of the control circuit. 
Three signals (fault current, close command, commutation 
voltage) are processed to gate the main and auxiliary MCTs. 
Three LED indicators provide status indication. 


The MCTs are arranged to share a common anode 
connection allowing the driver IC’s to be _ electrically 
interconnected as shown in Figure 6.3.4. All of the active FIGURE6.3.3. BLOCK DIAGRAM OF DC INSTANT TRIP 


circuits needed for the instantaneous trip breaker are BREAKER CONTROL 
CONTROL GATE 
POWER SIGNALS 


APPLICATION 
NOTES 


MAIN MCT DRIVER Il 


CONTROL CIRCUIT FIGURE 6.3.4 
FIGURE 6.3.4. POWER SUPPLY INTERCONNECTIONS OF MCT DRIVER ICs FOR INSTANT TRIP CIRCUIT BREAKER 
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FIGURE 6.3.5. CONTROL CIRCUIT OF INSTANT TRIP BREAKER 


implemented using the functions in two of the driver IC’s 
described in section 5.4.1. Details of these control circuits 
are shown in Figure 6.3.5. Note that the external control 
Circuits operate from the -4.7V reference. The Commutation 
Voltage Sense circuit insures that the commutation capacitor 
is charged to >500V before allowing the breaker to close. 
The Fault Current Sense circuit uses a 0.001 ohm shunt for 
sensing load current. The RLC filter reduces common mode 
noise enabling detection of the low level current signal. The 
OPEN/CLOSE command signal is coupled to the breaker 
through fiber optics. The fiber optic receiver is directly 
powered from the -4.7V bus. Two comparator circuits provide 
the latch function and the 3 input gate function. LED’s are 
driven by the comparator outputs to show breaker status. 
The two ON-channels provide gate signals for the two 
MCTs. While this breaker provides instantaneous trip on 
detecting over current, additional circuits could be added to 
provide an inverse current-time trip response. 


The waveforms in Figure 6.3.6 show operation of the breaker 
with an inductive load. When the breaker is closed its voltage 
drops to approximately 1.5V and the current increases lin- 
early. When the load current reaches 800A, the commutating 
circuit is gated to produce a 1700A commutating current 
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Applications 


pulse. The main MCT is gated OFF after a 2.5us delay which 
insures that the commutating current will exceed the load 
current thereby reverse biasing the main MCT. When the 
commutating current becomes less than the load current, 
the main MCT blocks voltage and the load current decreases 
as inductive energy is transfered to the varistor clamp. 


The particular usefulness of this driver IC lies in simplifying 
the implementation of control circuits that can be combined 
with the gate signal which is ohmically connected to the 
MCT. While MCTs have turn-off capability they are nearly 
ideal thyristors and can be used to great advantage in thyris- 
tor circuits. 


6.4.0 AC Switch Circuits 


The reverse blocking voltage rating for the MCT is 5 volts. 
Thus it is necessary to utilize a series connected diode to 
provide reverse blocking voltage capability. The circuit in Fig- 
ure 6.4.1 shows how two MCTs and two diodes can be 
arranged to form an AC switch function. In this arrangement 
a single drive circuit can be used to gate both MCTs. If it is 
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FIGURE 6.4.2. EFFECT OF di/dt ON TURN-ON VOLTAGE 


desired to sense current through the switch, resistor R1 pro- 
vides a rectified current signal that can be used for indication 
and/or control of the switch. 


GATING CIRCUIT 


AC SWITCH USING TWO MCTs WITH COMMON 
GATE CIRCUIT 


In most circuits the load being switched will be inductive. 
Thus some type of snubber may be necessary to control 
overshoot voltage which is developed when the MCTs are 
gated OFF. If the MCTs are gated OFF only at current zero, 
then the snubber may not be needed. When the switch is ON 
and the current goes through zero, a_ turn-on transient volt- 
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FIGURE 6.4.3. MCT AC SWITCH/BREAKER 
TOP: Closing at Zero, Opening Near Mid-Cycle 
BOTTOM: Closing at Mid-Cycle, Opeining Near Zero 
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age develops across the switch as discussed in section 
6.2.3. The waveforms in Figure 6.4.2 illustrate this turn-on 
transient for two different values of di/dt at current zero 
crossing. When the switch is used to switch low frequency 
current (60Hz for example), the turn-on transient voltage is 
small and probably not of consequence. 


When the switch is used with non-unity power factor loads 
current surges may occur. The waveforms in Figure 6.4.3 
show a leading power factor (20uF/5 ohm) load being 
switched. When closed at voltage zero crossing (top wave- 
form) no transient occurs. However, when closed mid-cycle 
(lower waveform) a relatively large inrush current occurs. 
Thus it is possible with some sensing to close the switch at 
voltage zero to eliminate leading power factor current and to 
open the switch at current zero to eliminate lagging power 
factor voltage transients. 


When the switch is part of a static circuit breaker it can be 
closed at voltage zero crossing; however, the control circuit 
must typically allow normal load inrush current to flow with- 
out tripping. When a fault current is detected the switch can 
be opened rapidly, limiting fault current, but requiring the 
switch to have |-off capability and inductive energy absorb- 
tion capability (varistor). If the anticipated fault current does 
not exceed the surge rating (1000’s of amps per MCT) of the 
static switch then interruption can be delayed to current zero 
crossing, minimizing the need for |-off capability and induc- 
tive energy absorbtion capability. 


6.5.0 Complementary Circuits 


The 75P60 MCT is a P-type device. As such it has terminal 
polarities oppposite to N-type devices. Therefore, the oppor- 
tunity exists to use the P-MCT in combination with N-type 
power devices such as N-IGBTs or N-FETs. The P-MCT pro- 
vides superior current rating, speed and SOA compared to 
P-IGBTs, for example.. While N and P devices have different 
characteristics their use in combination provides certain 
advantages. 


Figure 6.5.1 illustrates an AC switch circuit using a P-MCT 
and an N-IGBT. Resistor R1 provides a single current signal 
to the gate circuit, should it be required to initiate or inhibit 
switch operation. The varistor V1 provides a means of limit- 
ing transient voltage across the opening switch. 


Figure 6.5.2 illustrates a DC bridge leg using a P-MCT and 
N-IGBT. This combination allows the use of a single gate cir- 
cuit and power supply for each bridge leg. The gate circuit 
must provide appropriate gating delays to avoid short circuit 
current through the two power devices. Resistor R1 provides 
a single current signal to the gate circuit, should it be 
required to initiate or inhibit switch operation. 


Hopefully, it will not be too long before N-MCTs are also 
ready for the market. 


FIGURE 6.5.1. AC SWITCH USING P-MCT AND N-IGBT 


+ 


GATE 
CIRCUIT 


FIGURE 6.5.2. DC BRIDGE LEG USNG P-MCT AND N-IGBT 
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Comparison on MCT and IGBT 


How does the MCT compare to other Power Switches? 
Where is best used? This chapter provides some general 
comparisons. The particular requirements of a specific 
circuit may heavily influence the comparison in any 
application. 


Both IGBTs and MCTs are insulated gate, field controlled 
switching devices with junction temperature ratings of 
+150°C. Comparison of the IGBT and MCT is most 
pertinent as both are merged bipolar/MOS structures and 
are applicable to power switching circuits requiring 600 Volts 
or higher Switch ratings. Both are useful at higher switching 
frequency than is generally practical with power darlingtons. 
By contrast, the characteristics or Power MOS transistors 
(majority carrier devices) sharply differentiate their preferred 
applications. 


In high power circuits the importance of efficiency can be 
most critical. While efficiency is important in minimizing the 
cost of energy, in high power circuits the removal of heat 
from only a few points of efficiency loss has a significant 
impact on the size and nature of the system packaging. 
Conduction and switching losses are therefore the first point 
of comparison. 


Conduction Voltage Drop 


The single most prominent feature of the MCT is that of low 
conduction drop, one third to one half that of the IGBT. This 
is illustrated in Figure 2.0.2 and Figure 2.0.3. Furthermore, 
the MCT conduction drop is diode like, increasing only mod- 
estly at very high peak currents. Use in circuits with high 
peak currents will not significantly worsen the average con- 
duction loss. Because the MCT is a double injection device 
(with both N and P emitters), conduction drop does not 
increase as rapidly with the blocking voltage rating as with 
IGBTs. As MOS gated switches are developed above 1000 
Volts, MCT technology will be even more advantageous. 


The conduction loss (Rdson) of Power MOS transistors is an 
exponential function of the blocking voltage rating. At the 600 
Volt level, the conduction drop per unit area of silicon is more 
than a factor of ten higher than the MCT. High voltage MOS 
transistors are competitive only in low power applications. 
However, Power MOS transistors can offer comparatively 
low conduction losses in lower voltage systems. If voltage 
drop is desirable at any cost, it is possible to operate Power 
MOS transistors at very low current density at less than the 
junction voltage drop of an MCT. 


Switching - Turn ON 


Turn on in the MCT is initiated by the gate signal but is 
completed regeneratively as in an SCR. The MCT turn on is 
fast and handles high di/dt and peak current with low turn on 
loss. The recommended gate turn on drive is stiff to ensure 
all cells share the turn on power loss uniformly. 


Turn on in IGBTs is often intentionally slowed to control the 
reverse recovery of the free wheeling diode common to 
inductive switching circuits. The IGBT can be used to limit 
high peak recovery current in the diode, but at a sacrifice in 
turn on speed and loss. With the MCT, turn on voltage drop 
is not drive circuit adjustable. If reduction in rectifier peak 
recovery current is required, small saturating inductors may 
be used in the recovery circuit. 


Turn on in the MOS transistor can be so much faster than 
for either the IGBT or the MCT that in comparable 
applications, MOS transistor switching losses would be 
negligible compared to conduction loss. 


Switching - Turn OFF 


The best of today's IGBTs can provide faster switching and 
lower loss per switch cycle than the P MCT, roughly by a 
factor of two, in clamped inductive switch circuits. Power 
MOS transistor turn off loss is the lowest among the three 
devices by a large margin. 


Total Losses 


From the above, it is clear that the device choice for lowest 
total loss is dependent on the relative proportion of 
conduction to turn off loss in the circuit. Some general 
guidelines are indicated in the section below on Applications. 


Turn Off Safe Operating Voltage (SOA) 


When turning off an inductive load, a switch circuit must 
sustain a voltage higher than the load driving voltage. Left to 
itself, the switch must sustain this voltage while conducting 
full current. The turn off safe operating area describes a 
locus of maximum permissible combinations of voltage and 
current across the switch during turn off which will not cause 
improper operation of the switch. For the P MCT, the full 
switching current is sustainable at 50% to 60% of the 
breakdown voltage rating, as are lower currents at higher 
percentages of breakdown voltage. Capacitive snubbers can 
be used to shape the combination of current and voltage 
seen by the MCT at switching voltages above 50% BV. 


The IGBT provides better turn off Safe Operating Area than 
the P Type MCT. IGBTs are generally rated for switching at 
80% of the static blocking device rating. 


Applications 


The resonant, soft switching, or zero current switching circuit 
configurations most often offer the lowest overall system loss. 
As these circuits avoid or minimize switch turn off loss, but do 
usually involve higher peak switch currents, the MCT will be 
the preferred device in such circuits, at any frequency. For 
instance, MCTs have been reported in the literature operating 
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at 80KHz switching rate in 10KW inverters in this class of 
circuit. In these circuits turn off SOA is not a significant 
requirement. 


Active inductive switching from full current, the so called 
"Hard Switch" or PWM Circuits, may favor the IGBT, 
particularly at switching frequencies above 10KHz. In these 
circuits the lower switching loss of the IGBT can outweigh 
the lower conduction loss of the MCT. 


In PWM circuits, inductive switching usually involves 
clamping the inductive voltage rise to some sink, such as the 
DC Bus. The higher Turn Off SOA voltage of the 600 Volt 
IGBT, 480 Volts, may make it the preferred solution for DC 
bus voltages above 300 Volts to 400 Volts. With P Type 


MCTs, & higher voltage rated device or capacitive snubbers 
are reguired to allow operation at a comparable bus voltage. 


The IGBT can provide fault current limiting for a few 
microseconds in PWM circuits, allowing for the orderly shut 
down of the circuit from the gate drive. For the MCT, no such 
mechanism is available. In resonant circuits, MCT shut down 
can occur at the next current zero, or low current point. 


Pulse discharge circuits will generally favor the MCT, due to 
fast turn on speed and high peak current capability at low 
voltage drop. 


Power MOS transistors may be the only practical power 
switch at a switching freguency above 50KHz in hard switch 
circuits or 100KHz in soft switch circuits. 
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8.0 Future MCT Developments 
8.1. More "Generation 1" P-MCTs 


The first Harris MCT products are P-MCTs of 600V and, 
shortly, 1000V in a die size that can be packaged in a 
TO-218 or TO-247 5-pin plastic package. This die size 
results in about a 75A RMS rating and about a 120A turn-off 
current capability at +150°C. Harris plans call for an MCT of 
about half this size and, given enough interest, an even 
smaller die size that can be packaged in a TO-220 package. 


Development efforts include wider ranges of voltage rating - 
first asymmetric MCTs down to perhaps as low as 200V and 
as high as 1600V and, later, high voltage MCTs for what are 
now typically thyristor and GTO circuits. Such high voltage 
P-MCTs have been described in several papers including 
reference 8.1. Figure 8.1.1 and Figure 8.1.2 are reproduced 
from that paper to illustrate our initial capability (in R&D 
devices) of 2500V. 


8.2 Generation 2 P-MCTs 


Generation 2 P-MCTs have been made at Harris’ Power 
R&D Center that push the present P-MCT twice as close to 
the diode in the physics-dominated trade-off between break- 
down voltage vs forward drop vs switching speed. Details of 
design and process change are, of course, proprietary but 
the bottom line is that one can expect a generation 2 P-MCT 
to have an additional 100 volts in SOA and to have between 
2 and 3 times lower turn-off losses. Figure 8.2.1 shows some 
recent turn-off energy measurements on an R&D generation 
2 P-MCT. 


PISCES 
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CARRIER LIFETIME 
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FIGURE 8.1.1. MEASURED vs MODELED FORWARD VOLTAGE 
(1cm? Active Area, >3000V Asymmetric P-MCT) 


Figure 8.2.2 is a snapshot comparing switching losses at 
+75°C and +150°C for snubbers from OuF to 1uF and cur- 
rents to 120A for a typical generation 1 600V P-MCT com- 
pared to an early generation 2 600V P-MCT lot of the same 
breakdown voltage and similar die size. Unsnubbered and at 
very low snubber value the improvement is more than a fac- 
tor of 2. At modest snubber value (0.05uF an 0.1F) it is 
closer to a factor of 4. For larger snubbers and, obviously, for 
most resonant circuits the improvement is even greater. 


8.3 N-MCT Development 


N-MCT versions of almost all of our P-MCTs have been fab- 
ricated at Harris Power R&D to analyze the potential for a 
commercial product. At this time we have produced and 
delivered N-MCTs for various applications, all of which 
required little or no turn-off capability. This has included 
1400V devices for 1000A, 1000V capacitor discharge cir- 
cuits and 600V devices for zero current soft switched circuits 
with peak currents of about 800A. 


As our P-MCTs have increased in turn-off capability from 
one or two hundred amperes per centimeter squared to 
more than 400A/cm? our N-MCTs have kept pace at about 1/ 
2 to 1/3 of that value and now can be rated at about 150A/ 
cm2 in peak turn-off current density at +150°C. Note that 
with the MCTs low forward drop that this is less than the 
device’s RMS current rating. This lack of peak turn-off capa- 
bility has kept us from as aggressively pursuing the N-MCT. 


STATIC BLOCKING DATA TAKEN ON 576 DIE AT 25°C 
(TESTER VOLTAGE LIMIT 3080 VOLTS) 
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FIGURE 8.2.1. TYPICAL GENERATION 2 600V PMCT TURN-OFF ENERGY AS A FUNCTION OF SNUBBER CAP. AND CURRENT 


However, as cell size and geometries become finer, turn-off 
capability will improve correspondingly and N-MCTs will be 
produced that, with their 2 times lower switching loss and 
30% higher (more at high voltage) SOA, will displace P- 
MCTs and those N-IGBT’s that our present P-MCTs cannot 
replace. 


8.4 MCT Driver IC 


In section 5 and section 6 an MCT driver IC was used to 
gate an MCT and, with some of its added functions, to imple- 
ment an autonomous circuit breaker. The driver IC referred 
to was produced using a standard Harris process on that 
process’ production line. From our own experience we have 
found that IC extremely valuable. Referring back to section 5, 
the driver IC has a voltage range of -12V to +35V with 
respect to the “A” terminal and has an output impedance in 
the neighborhood of 2 ohms. The inputs are all comparators 
with a wide dynamic range. The IC supports all types of 
OPTO-couplers both as receivers and senders and has a 
4.7V regulated supply to power IC’s if more “smarts” are 
necessary at the device. There is an on-board charge pump 
and an on-board zener that, within limits, allows one to 
power the IC using a dropping resistor from the MCT cath- 


ode supply. Our IC also includes latched and unlatched 
channels as well as minimum on-time and minimum off- 
times that can be set with external capacitors. Our present 
die is less than 200 mils on a side and for full function needs 
24 pins. As just a driver, however, 6 or 7 pins are sufficient 
and we have looked at some MCT driver ICs in 7 pin TO-218 
packages. 


8.5 MCT Modules 


MCT modules of up to 12 parallel devices, each of.4 cm2 
active area, have been built and tested for various develop- 
ment contracts. Currently Harris is assessing 4 MCT & 2 
diode and 6 MCT modules in a compact plastic module as 
well as industry outline modules in various current ratings. 
Harris will consider providing similar modules to other cus- 
tomers. 


Although MCTs parallel reasonably well, their low forward 
drop and high current capability require one to be careful in 
selecting devices of the same forward drop and similar turn- 
off time and then to be very symmetric with stray impedance. 


Some of our development modules include gate drive cir- 
Cuitry. 
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FIGURE 8.2.2. GENERATION 2 600V PMCT TURN-OFF IMPROVEMENT 


= 
8.6 Development Timetable 2 W” 
<q w 
In summary, P-MCTs will also improve in switching capability The timetable for these developments depends on oO 5 
in both SOA and turn-off time, bettering N-IGBTs in speed resources. = 
and turn-off loss and being at less of a disadvantage in hard & 
switched SOA. References 
N-MCTs will begin to become available but with about half [1]. V.A.K. Temple et al, “Megawatt MOS Controlled Thyristor 
the peak turn-off current capability of P-MCTs. However, for High Voltage Power Circuits”, IEEE PESC, Toledo, 


teristic as improved process capability allows denser off-FET 
channel structure. 


MCTs will go to high currents paralleled in modules of up to 
hundreds of amperes. These modules will first be dumb 
modules but will later contain some smarts with driver ICs 
such as that described in section 8.4 above. 
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Power MOSFETs (Metal Oxide Semiconductor, Field Effect ance, current-controlled device. As a _ majority-carrier 


Transistors) differ from bipolar transistors in operating 
principles, specifications, and performance. In fact, the 
performance characteristics of MOSFETs are generally 
superior to those of bipolar transistors: significantly faster 
switching time, simpler drive circuitry, the absence of a 
second-breakdown failure mechanism, the ability to be 
paralleled, and stable gain and response time over a wide 
temperature range. This note provides a basic explanation of 
general MOSFET characteristics, and a more thorough 
discussion of structure, thermal characteristics, gate 
parameters, operating frequency, output characteristics, and 
drive requirements. 


General Characteristics 


A conventional n-p-n bipolar power transistor is a current- 
driven device whose three terminals (base, emitter, and 
collector) are connected to the body by silicon contacts. 
Bipolar transistors are described as minority-carrier devices 
in which injected minority carriers recombine with majority 
carriers. A drawback of recombination is that it limits the 
device's operating speed. And because of its current-driven 
base-emitter input, a bipolar transistor present a low-imped- 
ance load to its driving circuit. In most power circuits, this 
low-impedance input requires somewhat complex drive 
Circuitry. 


By contrast, a power MOSFET is a voltage-driven device 
whose gate terminal, Figure 1(a), is electrically isolated from 
its silicon body by a thin layer of silicon dioxide (SiO). As a 
majority-carrier semiconductor, the MOSFET operates at 
much higher speed than its bipolar counterpart because 
there is no charge-storage mechanism. A positive voltage 
applied to the gate of an n-type MOSFET creates an electric 
field in the channel region beneath the gate; that is, the 
electric charge on the gate causes the p-region beneath the 
gate to convert to an n-type region, as shown in Figure 1(b). 
This conversion, called the surface-inversion phenomenon, 
allows current to flow between the drain and source through 
an n-type material. In effect, the MOSFET ceases to be an 
n-p-n device when in this state. The region between the 
drain and source can be represented as a resistor, although 
it does not behave linearly, as a conventional resistor would. 
Because of this surface-inversion phenomenon, then, the 
operation of a MOSFET is entirely different from that of a 
bipolar transistor, which always retain its n-p-n characteristic. 


By virtue of its electrically-isolated gate, a MOSFET is 
described as a high-input impedance, voltage-controlled 
device, whereas a bipolar transistor is a low-input-imped- 
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semiconductor, a MOSFET stores no charge, and so can 
switch faster than a bipolar device. Majority-carrier semicon- 
ductors also tend to slow down as temperature increases. 
This effect, brought about by another phenomenon called 
carrier mobility (where mobility is a term that defines the 
average velocity of a carrier in terms of the electrical field 
imposed on it) makes a MOSFET more resistive at elevated 
temperatures, and much more immune to the thermal- 
runaway problem experienced by bipolar devices. 


A useful by-product of the MOSFET process is the internal 
parasitic diode formed between source and drain, Figure 
1(c). (There is no equivalent for this diode in a bipolar 
transistor other than in a bipolar darlington transistor.) Its 
characteristics make it useful as a clamp diode in inductive- 
load switching. 


ALUM SOURCE’ GATE p CONVERTED 


TO n CHANNEL 


FIGURE 1. THE MOSFET, A VOLTAGE-CONTROLLED DEVICE 
WITH AN ELECTRICALLY ISOLATED GATE, USES 
MAJORITY CARRIERS TO MOVE CURRENT FROM 
SOURCE TO DRAIN (A). THE KEY TO MOSFET 
OPERATION IS THE CREATION OF THE INVER- 
SION CHANNEL BENEATH THE GATE WHEN AN 
ELECTRIC CHARGE IS APPLIED TO THE GATE 
(B). BECAUSE OF THE MOSFETs CONSTRUC- 
TION, AN INTEGRAL DIODE IS FORMED ON THE 
DEVICE (C), AND THE DESIGNER CAN USE THIS 
DIODE FOR A NUMBER OF CIRCUIT FUNCTIONS. 
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Structure 


Harris Power MOSFETs are manufactured using a vertical 
double-diffused process, called VDMOS or simply DMOS. A 
DMOS MOSFET is a single silicon chip structured with a 
large number of closely packed, hexagonal cells. The 
number of cell varies according to the dimensions of the 
chip. For example, a 120-mil? chip contains about 5,000 
cells; a 240-mil@ chip has more than 25,000 cells. 


One of the aims of multiple-cells construction is to minimize 
the MOSFET parameter rpsion), Or resistance from drain to 
source, when the device is in the on-state. When tps(on) is 
minimized, the device provides superior power-switching 
performance because the voltage drop from drain to source 
is also minimized for a given value of drain-to-source current. 


Since the path between drain and source is essentially 
resistive, because of the surface-inversion phenomenon, 
each cell in the device can be assumed to contribute an 
amount, Ry, to the total resistance. An individual cell has a 
fairly low resistance, but to minimize rpson), it is necessary 
to put a large number of cells in parallel on a chip. In general, 
therefore, the greater the number of paralleled cells on a 
chip, the lower its ps(on) value: 


DS(ON) = Rn/N, where N is the number of cells. 


3000 
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Tps(on) (M2) 
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—— = = = v a‘ a oe R — = 


? EXT 
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30 100 1000 


Bypss (V) 


FIGURE 2. THE DRAIN-TO-SOURCE RESISTANCE (rpsjon) OF 
A MOSFET IS NOT ONE BUT THREE SEPARATE 
RESISTANCE COMPONENTS) 


TABLE 1. PERCENTAGE RESISTANCE COMPONENTS FORA 


TYPICAL CHIP 


In reality, tps(on) is composed of three separate resistances. 
Figure 2 shows a curve of the three resistive components for 
a single cell and their contributions to the overall value of 
Tps(on): The value of fpsiony at any point of the curve is 
found by adding the values of the three components at that 
point: 


"ps(On) = Reutk + Ronan + Rext 


where Ronan represents the resistance of the channel 
beneath the gate, and Rexz includes all resistances resulting 
from the substrate, solder connections, leads, and the 
package. Rey. represents the resistance resulting from the 
narrow neck of n material between the two players, as 
shown in Figure 1(a), plus the resistance of the current path 
below the neck and through the body of the device to the 
drain. 


Note in Figure 2 that Rowan and Rex7 are completely inde- 
pendent of voltage, while Reyik is highly dependent on 
applied voltage. Note also that below about 150 volts, 
DS(ON) iS dominated by the sum of Royan and Rexy7. Above 
150 volts, "pson) IS increasingly dominated by RguiK. Table 
1 gives a percentage breakdown of the contribution of each 
resistance for three values of voltage. 


Two conclusions, inherent consequences of the laws of 
semiconductor physics, and valid for any DMOS device, can 
be drawn from the preceding discussion: First, tpson) 
obviously increases with increasing breakdown-voltage 
capability of a MOSFET. Second, minimum rpson) 
performance must be sacrificed if the MOSFET must with- 
stand ever-higher breakdown voltages. 


The significance of Rgutk in devices with a high voltage 
capability is due to the fact that thick, lightly doped epi layers 
are required for the drain region in order to avoid producing 
high electric fields (and premature breakdown) within the 
device. And as the epi layers are made thicker and more 
resistive to support high voltages, the bulk component of 
resistance rapidly increases (see Figure 2) and begins to 
dominate the channel and external resistance. The rpson) 
therefore, increases with increasing breakdown voltage 
capability, and low rpg(on) Must be sacrificed if the MOSFET 
is to withstand even higher breakdown voltages. 


There is a way around these obstacles. The rpsyon) in Figure 
2 holds only for a relatively small chip. Using a larger chip 
results in a lower value for ps(on) because a large chip has 
more cells (See Figure 3). A larger chip also increases 
MOSFET breakdown voltage capability. 


The penalty for using a larger chip, however, is an increase 
in cost, since chip size is a major cost factor. And because 
chip area increases exponentially, not linearly, with voltage, 
the additional cost can be substantial. For example, to obtain 
a given fpsg(on) at a breakdown voltage twice as great as the 
original, the new chip requires an area four or five times 
larger than the original. Although the cost does not rise 
exponentially, it is substantially more than the original cost. 
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FIGURE 3. AS CHIP SIZE INCREASES, rpsjon) DECREASES, & 
VOLTAGE HANDLING CAPABILITY INCREASES 


400 500 600 


Effects of Temperature 


The high operating temperatures of bipolar transistors area 
frequent cause of failure. The high temperatures are caused 
by hot-spotting, the tendency of current in a bipolar device to 
concentrate in areas around the emitter. Unchecked, this 
hot-spotting results in the mechanism of thermal runaway, 
and eventual destruction of the device. MOSFETs do not 
suffer this disadvantage because their current flow is in the 
form of majority carriers. The mobility of majority carriers 
(where, again, mobility is a term that defines the average 
velocity of a carrier in terms of the electrical field imposed on 
it) is temperature dependent in silicon: mobility decreases 
with increasing temperature. This inverse relationship 
dictates that the carriers slowdown as the chip gets hotter. In 
effect, the resistance of the silicon path is increased, which 
prevents the concentrations of current that lead to hot spots. 
In fact, if hot spots do attempt to form in a MOSFET, the local 
resistance increases and defocuses or spreads out the 
current, rerouting it to cooler portions of the chip. 


Because of the character of its current flow, a MOSFET has 
a positive temperature coefficient of resistance, as shown by 
the curves of Figure 4. 


Tyson) (2) 


-50 0 50 100 
JUNCTION TEMPERATURE - T, (°C) 


150 200 


FIGURE 4. MOSFETs HAVE A POSITIVE TEMPERATURE CO- 
EFFICIENT OF RESISTANCE, WHICH GREATLY 
REDUCES THE POSSIBILITY OF THERMAL RUN- 
AWAY AS TEMPERATURE INCREASES 


The positive temperature coefficient of resistance means 
that a MOSFET is inherently stable with temperature 
fluctuation, and provides its own protection against thermal 
runaway and second breakdown. Another benefit of this 
characteristic is that MOSFETs can be operated in parallel 
without fear that one device will rob current from the others. 
If any device begins to overheat, its resistance will increase, 
and its current will be directed away to cooler chips. 


Gate Parameters 


To permit the flow of drain-to-source current in an n-type 
MOSFET, a positive voltage must be applied between the 
gate and source terminals. Since, as described above, the 
gate is electrically isolated from the body of the device, 
theoretically no current can flow from the driving source into 
the gate. In reality, however, a very small current, in the 
range of tens of nanoamperes, does flow, and is identified on 
data sheets as a leakage current, Igss. Because the gate 
current is so small, the input impedance of a MOSFET is 
extremely high (in the megohm range) and, in fact, is largely 
Capacitive rather than resistive (because of the isolation of 
the gate terminal). 


Figure 5 illustrates the basic input circuit of a MOSFET. The 
elements are equivalent, rather than physical, resistance, R, 
and capacitance, C. The capacitance, called Cjgg on 
MOSFET data sheets, is a combination of the device's 
internal gate-to-source and gate-to-drain capacitance. The 
resistance, R, represents the resistance of the material in 
the gate circuit. Together, the equivalent R and C of the input 
circuit determine the upper frequency limit of MOSFET 
operation. 


Ciss 


FIGURE 5. A MOSFETs SWITCHING SPEED IS DETERMINED 
BY ITS INPUT RESISTANCE R AND ITS INPUT 
CAPACITANCE Cig 


Operating Frequency 


Most DMOS processes develop the polysilicon gate 
structure rather than the older metal-gate type. If the 
resistance of the gate structure (R in Figure 5) is high, the 
switching time of the DMOS device is increased, thereby 
reducing its upper operating frequency. Compared to a metal 
gate, a polysilicon gate has a higher gate resistance. This 
property accounts for the frequent use of metal-gate 
MOSFET in high-frequency (greater than 20MHz) 
applications, and polysilicon-gate MOSFETs in higher-power 
but lower-frequency systems. 


Since the frequency response of a MOSFET is controlled by 
the effective R and C of its gate terminal, a rough estimate 
can be made of the upper operating frequency from 
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datasheet parameters. The resistive portion depends on the 
sheet resistance of the polysilicon-gate overlay structure, a 
value of approximately 20W/L). But whereas the total R 
value is not found on datasheets, the C value (Cjss) is; it is 
recorded as both a maximum value and in graphical form as 
a function of drain-to-source voltage. The value of Cisg is 
closely related to chip size; the larger the chip, the greater 
the value. Since the RC combination of the input circuit must 
be charged and discharged by the driving circuit, and since 
the capacitance dominates, larger chips will have slower 
switching times than smaller chips, and are, therefore, more 
useful in lower-frequency circuits. In general, the upper 
frequency limit of most power MOSFETs spans a fairly broad 
range, from 1MHz to 10MHz. 


Output Characteristics 


Probably the most used MOSFET graphical data is the 
output characteristics or plot of drain-to-source voltage (Vps) 
as a function of drain-to-source current (Ip). A_ typical 
characteristic, shown in Figure 6, gives the drain current that 
flows at various Vps values as a function of the gate-to- 
source voltage (gs). The curve is divided into two regions: a 
linear region in which Vps is small and drain current 
increases linearly with drain voltage, and a saturated region 
in which increasing drain voltage has no effect on drain 
current (the device acts as a constant-current source). The 
current level at which the linear portion of the curve joins 
with the saturated portion is called the pinch-off region. 


Drive Requirements 


When considering the Ves level required to operate a 
MOSFET, note, from Figure 6, that the device is not turned 
on (no drain current flows) unless Ves is greater than a 
certain level (called the threshold voltage). In other words, 
the threshold voltage must be exceeded before an apprecia- 
ble increase in drain current can be expected. Generally Ves 
for many types of DMOS devices is at least 2V. This is an 
important consideration when selecting devices or designing 
circuits to drive a MOSFET gate: the gate-drive circuit must 
provide at least the threshold-voltage level, but preferably, a 
much higher one. 


As Figure 6 shows, a MOSFET must be driven by a fairly 
high voltage, on the order of 10V, to ensure maximum 
saturated drain-current flow. However, integrated circuits, 
such as TTL types, cannot deliver the necessary voltage 
levels unless they are modified with external pull-up 
resistors. Even with a pull-up to 5V, a TTL driver cannot fully 
saturate most MOSFETs. Thus, TTL drivers are most 
suitable when the current to be switched is far less than the 
rated current of the MOSFET. CMOS ICs can run from 
supplies of IOV, and these devices are capable of driving a 
MOSFET into full saturation. On the other hand, a CMOS 
driver will not switch the MOSFET gate circuit as fast as a 
TTL driver. The best results, whether TTL or CMOS ICs 
provide the drive, are achieved when special buffering chips 
are inserted between the IC output and gate input to match 
the needs of the MOSFET gate. 


PULSE TEST 
PULSE DURATION = 80uS 
DUTY CYCLE < 2% 


DRAIN CURRENT - Ip (A) 


DRAIN-TO-SOURCE VOLTAGE - Vps (V) 


FIGURE 6. MOSFETs REQUIRE A HIGH INPUT VOLTAGE (AT 
LEAST 10V) IN ORDER TO DELIVER THEIR FULL 
RATED DRAIN CURRENT 
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Switching Waveforms Of The L2FET: 
A 5 Volt Gate-Drive Power MOSFET 


Author: C. Frank Wheatley, Jr. and Harold R. Ronan, Jr. 


The switching waveforms of a newly announced series of 
power MOSFET devices called Logic Level FETs (L°FETs) 
and featuring a 5V gate drive are presented and contrasted 
with those of the more conventional 10V gate drive devices. 
A new method of characterizing MOSFET switching perfor- 
mance is discussed in which the MOSFET is treated as a 
vertical JFET driven in cascade from a low voltage lateral 
MOS. The 2:1 advantage in rise and fall time and the 4:1 
reduction in switching “dynamic Vigary’ dissipation with con- 
stant drive power of the L@FET over the 10V MOSFET are 
demonstrated and discussed 


Background 


A new series of power MOSFET devices called Logic Level 
FETs, or L?FETs, is compatible with the 5V power supply 
used for logic circuitry. L?FETs retain the on resistance, 
drain current, and blocking voltage ratings of their 10V pre- 
decessors, but operate from a much less costly 5V supply. 


The reduction in gate drive voltage is the result of halving the 
thickness of the gate insulator from the industry standard 
100nm to 50nm (500A). Since the surface inversion of the 
MOS channel is determined by the gate insulator voltage 
field, halving the insulator thickness halves the applied gate 
voltage without compromising drain characteristics. 


The apparent conclusion from a study of the switching wave- 
forms of the new device that halving the gate oxide thickness 
would double the gate capacitance and halve the switching 
speed does not prove true. Measurements demonstrate 
empirically a 2:1 increase in switching speed for the L°FET 
over its 100nm predecessor, where gate drive power is the 
same for both devices. The “dynamic Vgaq)” dissipation is 
lowered by a factor of four. The apparent anomalies are 
explained with the aid of a new method of switching charac- 
terization developed by treating the power MOSFET as a 
grounded gate, depletion mode, vertical JFET driven in cas- 
cade by a grounded source, enhancement mode, lateral 
MOS. The waveforms and switching characterization meth- 
ods are described in detail below. 


L?FET Characteristics Compared to Standard Types - 
A Brief Review 


Thirty-two different power MOSFETs of the L?FET structure 
have been announced. These devices were designed to be 
totally interchangeable with the standard power MOSFET 
with respect to output characteristics, while offering twice the 
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gate sensitivity, as shown in Figures 1, 2, and 3, which are 
comparisons of the industry standard RFM10N15 with its 
Logic Level FET counterpart, the RFM10N15L. (Although 
the L suffix notation in the type number will ultimately be 
valid for the entire product matrix, the L@FET product cur- 
rently available is limited to n-channel devices handling 200V 
or less, with 15A ratings or less.) 


10 


Vg = 9(4.5)V 
—<— Vg = 6(3)V 


RFM10N15 
RFM10N15L 


Vg = 5(2.5)V 


Vg = 4(2)V 


DRAIN CURRENT (Ip) (A) 


30 60 90 120 150 
DRAIN VOLTAGE (Vp) (V) 


FIGURE 1. DRAIN CURRENT vs. DRAIN VOLTAGE CURVES 
FOR REPRESENTATIVE STANDARD AND L?FET 
DEVICES 


if fy. = 9(4.5)V 
Vg = 7(3.5)V 
Vg = 6(3)V 
Vg = 5(2.5)V 


RFM10N15 
RFM10N15L 


DRAIN CURRENT (Ip) (A) 


DRAIN VOLTAGE (Vp) (V) 


FIGURE 2. DRAIN CURRENT vs. LOW DRAIN VOLTAGE 
CURVES FOR REPRESENTATIVE STANDARD 
AND L?FET DEVICES DEMONSTRATING THAT 
Ron HAS NOT BEEN SACRIFICED IN THE L2FET 


Figures 1 and 2 are plots of drain current versus drain volt- 
age with gate voltage as the running parameter. The L2FET 
gate voltage is in parenthesis. The low drain voltage curves 
of Figure 2 demonstrate that RON has not been sacrificed in 
the L?FET. Figure 3 is the transfer characteristic comparison 
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for three different temperatures. The abscissa has two 
scales to reflect the different gate sensitivities; again, L val- 
ues are in parenthesis. It is evident from the curve that: 


1. The threshold voltage is scaled down by a factor of two for 
the L2FET. 


2. The threshold voltage temperature coefficient in mV/°C is 
scaled down. 


3. The current level for zero temperature coefficient is un- 
changed. 


4. The transconductance is scaled up by a factor of two. 


All other L?FETs have similar relationships to their respec- 
tive predecessors. 


RFM10N15 


RMF10N15L 


DRAIN CURRENT + (Ip) (A) 


GATE VOLTAGE (Vg) (V) 


FIGURE 3. TRANSFER CHARACTERISTIC 


Switching Waveforms with Conventional 
Drive 


The first concern when comparing devices with such a large 
difference of transfer sensitivity is one of “other things being 
equal”. If the standard device is driven between zero and ten 
volts with an Rg of 25Q, impedance transformation dictates 
that the L?FET should be driven between zero and five volts 
with an Rg of 6'/, Q, thereby transforming open circuit volt- 
age and short circuit current by factors of 2 (or Wo), With 
these parameters, either drive system will supply a peak Re, 
or generator dissipation, of one watt. 


Figure 4 displays the drain voltage versus time of the 
RFM10N15 and the RFM10N15L when each is driven as 
described above with a 5A, 75V resistive load line. The time 
scale is 100ns per division. The table under the graph com- 
pares on delay time, rise time, off delay time, and fall time for 
each device. The times are measured in the normal manner, 
that is, involving the 10% and 90% points of the input voltage 
and output voltage waveforms. 


Note that: 
1. The rise and fall times are not symmetrical 


2. The L2FET is faster 


3. There is a “dynamic Visaty” type of behavior 


4. The “dynamic Visary” is of a lesser amplitude for the 
L?FET 
These observations are discussed below. 


100 


50 


RFM10N15L 


DRAIN VOLTAGE (Vp) (V) 


RFM10N15 


0 500 1000 
TIME (n) 


GATE | Rg tinise) | to(orF) | (FALL) 
TYPE | DRIVE | (Q) (ns) | (ns) | (ns) 
RFM10N15 0-10V 25 15 120 123 73 
(100nm) 
RFM10N15L 0-5V | 6.25 11 oF 104 62 
(50nm) 


FIGURE 4. DRAIN VOLTAGE vs. TIME CURVES FOR REPRE- 
SENTATIVE STANDARD AND L?FET DEVICES 


Switching Waveforms with Constant 
Current Drive 


The power MOSFET is a current driven device during transi- 
tions due to the charging or discharging of capacitances. In 
actual applications, most drive circuits exhibit a first order 
approximation to a constant current where the voltage com- 
pliance is determined by ground potential or the drive circuit 
power supply voltage. The on current may not equal the off 
current; this situation is addressed below. 


Figure 5 presents the curves for the RFM10N15 and 
RFM10N15L when each is driven from a current generator 
whose lg; = Igo, with gate voltage limits of zero and 10 or (5) 
volts. The drive current is kept the same for both devices in 
this case even though the L°FET receives less drive power 
or energy. The value for lg; and Igo was chosen as 5mA; the 
time scale is 1ys/division. 


Note that: 


1. The rise and fall times of a given device are the same with 
current drive. 


2. The two devices have similar output waveforms in most 
regions. 


3. There is a persistent “dynamic Vsgay)” even at slow switch- 
ing speeds. 
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4. The “dynamic Visary” Curves are symmetrical during the 
low drain voltage portion of the turn on and turn off portion. 


5. The “dynamic Vicar)” curves are lower in amplitude by a 
factor of approximately two for the L?FET. 


100 
VpRAIN 


RFM10N15L 


RFM10N15 


# 


(100nm) 


Ig (ON) = ‘cg (OFF) = SMA\ RFM10N15 


RATED VOLTS 


A, «eee. 
RATED AMPERES 


50 


FM10N15L 
(50nm) 


PERCENT RATED DRAIN VOLTAGE (%) 


1 2 3 4 5 6 7 8 g=—™"% 


TIME (1s) 


FIGURE 5. CHARACTERIZATION CURVES FOR REPRESEN- 
TATIVE DEVICES DRIVEN FROM A CURRENT 
GENERATOR 


Large Signal Equivalent Circuit of the 
MOSFET 


lf we are to understand the differences and similarities of the 
L?FET relative to the conventional power MOSFET, the 
conventional power MOSFET must first be understood. Fig- 
ure 6 shows a properly proportioned cross sectional view of 
the power MOSFET. 


SOURCE METAL 
POLY GATE GLASS _ GATE OXIDE 
+n SOURCE 


s 


‘  *s_ DEPLETION EDGE 


“== 40V 


n+ DRAIN 


FIGURE 6. CROSS SECTION OF POWER MOSFET 


When the drain voltage is very low and the gate is forward 
biased, an accumulation layer exists for the n- region 
beneath the gate. This layer may be thought of as serving 
the function of the drain for the lateral MOS. In addition, it 
serves as a source for a vertical depletion mode JFET. The 
gate of the JFET is formed by the body diffusion, particularly 
in the neck region. The JFET drain is the n+ region usually 
though of as being the MOSFET drain. This situation is 
shown in Figure 6, where the cross sectional view of the 
MOSFET is shown. The lateral MOS and the vertical JFET 


are schematically implied ly the left half of Figure 6. The 
right half indicates the edge of the depletion width for several 
drain voltages. Note how “he JFET pinches off, such that 
increased drain voltage is supported predominately by the 
JFET. This structure is schematically represented as shown 
in Figure 7. Note that the third quadrant diode is caused by 
the p-n junction associated with the gate and drain charac- 
teristic (common to all JFETs). A parasitic n-p-n transistor is 
not shown, nor is it discussed in this Note. Voltage node (4) 
is within the device, and is not precisely a single node, as 
represented. 


FIGURE 7. SCHEMATIC REPRESENTATION OF THE CROSS 
SECTION OF FIGURE 6 


interelectrode Capacitance 


The equivalent circuit of “igure 7 contains four voltage 
nodes. Therefore, six capacitors will exist to couple these 
nodes. The switching waveforms are determined by these 
Capacitors and the small signal equivalent circuit of the MOS 
and JFET. Of course, the MI0S and JFET small signal equiv- 
alent circuits are nonlinear functions of voltage and current 
and invariant with frequency. Similarly, the capacitors are 
nonlinear with voltage and current. 


Industry data sheets show tree terminal characterization of 
this four node network at zero drain current. Under this con- 
dition, the transconductance: and output resistance are zero 
and infinity for both the MCS and the JFET. This condition 
reduces the power MOSFET to the capacitor network of Fig- 
ure 8, which may be replace:d by three capacitors. Note that 
this situation is valid only wren no MOSFET current flows. 


Ci2 C14 C13 


FIGURE 8. CAPACITOR NETWORK REPRESENTATION OF 
THE POWER MOSFET 


When current does flow, node (4) of Figure 7 is a low imped- 
ance node due to the source follower characteristic of the 
JFET. Similarly, nodes (1) and (3) are generally low imped- 
ance nodes by virtue of the ground reference and the load 
resistance. Therefore, capacitive currents will usually be sig- 
nificant only to the input nod3, (2). Capacitors Cy, Co3, and 
Co4 are examined below over most of the switching regime 
when current is flowing. 
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Gate to Source Capacitance, C;. 


When all of the die except the actual MOSFET cells are 
ignored, Figure 6 shows that the gate to source capacitance 
(C1) is that from the poly gate upward through the thick 
oxide to the source metal. In addition, there is a contribution 
from the poly gate to the n+ source through the thin gate 
oxide. Additionally a fringing capacitance exists at the edge 
of the polysil gate. These components of Cy5 are invariant 
with voltage and current. There is a fourth component from 
the poly gate to a region about half way along the MOS 
channel through the gate oxide. This component is actually 
distributed, and varies somewhat with current and voltage. 


Gate to Drain Capacitance, Co, 


Capacitor Co, exists only when no accumulation layer is 
present beneath the poly gate. Otherwise, the accumulation 
layer acts as an electrostatic shield. This layer exists when- 
ever the drain voltage immediately beneath the gate oxide is 
essentially negative relative to the poly gate. In addition, the 
Capacitive coupling from drain to gate diminishes greatly 
when the JFET is pinched off. Therefore, Cog exists for only 
a small range of drain voltage. In addition, it should decrease 
rapidly as the pinch-off voltage level is approached because 
the effective area of concern is closed off similarly to the 
aperture of a camera (for a hex cell). 


Gate to Internal Electrode Capacitance, Co, 


Capacitor Co, is rather large for positive gate voltages. It is 
made up of that area between the poly gate and the accu- 
mulation layer, plus some of the area between the poly gate 
and the middle of the MOS channel. In both cases, the 
dielectric is the thin gate oxide. So long as the gate voltage 
is positive relative to the n- layer beneath the poly gate, the 
accumulation layer exists and Co, is invariant. This accumu- 
lation layer ceases to exist when the external drain voltage 
minus the IR drop through the n- neck region approximately 
equals the gate voltage. The area associated with the accu- 
mulation layer (JFET cathode) rapidly decreases with 
increased drain voltage. In addition, a depletion layer may 
now form, leading to a further reduction of Co,. 


Waveforms Expected from the Model 


The following discussion relates the prior model discussion 
to the waveforms of Figure 5. The discussion begins with the 
gate voltage at +5V or +10V and the gate current equal to 
zero. This condition corresponds to saturated behavior, 
where the drain current is approximately equal to Ip(max) 
and the drain voltage equals Ip(max) times Rps(ON). 


Gate Voltage Slope - torr Delay 


As time progresses, Ig = -5mA, which must flow through C;5 
+ Coz + Coq of Figure 8 because the MOS and JFET are 
both heavily biased into conduction. Therefore, dV,/dt = dV3/ 
dt = nearly 0. With large positive gate bias and drain voltage 
near zero, Co, is zero and Cy5 and Co, are constant. As a 
result, the gate voltage should be a straight line with a slope 
equal to: 


dV¢/dt = I@/(Cy2 = Cog) (EQ. 1) 


Gate Voltage Plateau 


As the gate voltage decreases, the drain voltage will 
increase imperceptibly at first until the gate voltage drops 
enough to bias the MOS into its constant current mode. At 
this point, the very high transconductance of the MOS is 
consistent with very little change in gate voltage to reduce 
the current by several percent. Several percent change in 
drain current corresponds to many volts in drain voltage. As 
a result, the gate current no longer flows from C5 during the 
constant gate voltage plateau. 


Drain Voltage Shallow Slope 


Since Cog is still zero, all gate current must flow from Cy,. 
Assuming that the gate voltage is plateaued and that the 
JFET is still heavily forward biased, node 4 of Figure 7 must 
ramp at linear rate. Therefore, the JFET must also ramp at 
this same rate. 


dVp/dt = Ie/Cog (EQ. 2) 


Again this curve will approximate a straight line. 
Drain Transition Voltage 


As mentioned above, Co, rapidly decreases once the drain 
voltage is slightly greater than the gate voltage. (Actually, 
this voltage is the n- voltage directly beneath the gate oxide, 
and differs from the drain voltage by an amount nearly equal 


to Iptps(on)-) 


Since the drain voltage is still fairly low and the drain current 
has not changed much, the gate plateau voltage still exists. 
Equation 2 still applies except that the value of C5, has 
materially decreased and Co53 has become finite. This situa- 
tion results in a substantial increase in dVp/dt. 


JFET Pinch Off Voltage - Drain Voltage Steep Slope 


As the drain voltage approaches the pinch off voltage of the 
JFET, the JFET comes out of saturation and starts to support 
MOSFET drain voltage. The voltage gain of the active JFET 
permits large changes in the JFET drain voltage for small 
changes in its source-to-gate voltage. But the JFET sour-to- 
gate voltage is the lateral MOS drain-to-source voltage, which 
is dominated by equation 2 (but for low values of C>,). 


Gate Voltage Curvature from Plateau 


As the drain voltage increases, the drain current decreases. 
This condition requires significant decrease in gate voltage 
until the gate threshold is approached. A significant portion 
of the gate current must now flow through C5. This flow pro- 
duces a gradual transition in the gate voltage and some 
slowing of the drain voltage waveform. 


Gate Voltage Slope - tion) Delay 


When the drain is totally off, most of the gate current flows 
from Cy. Again, this capacitance is constant, so that the 
waveform is a straight line with a slope equal to: 


dVg/dt = Ig/C4> (EQ. 3) 
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+15V 


2N4036 
910 


MOSFET GATE 
2K 
4 SCOPE 
2 0.05 
” 4/2 
CA3240E 
3h, 8 
4 +15 


FIGURE 9. TEST CIRCUIT 


New Switching Characterization for 
Power MOSFETs 


The above discussion suggests that a new method of char- 
acterization may be provided for resistive switching with 
power MOSFETs, where constant current gate drive is 
employed during the transition time.' The below method 
bears some similarity to the gate charge concept.? The state 
of the gate charge is a continuous plot in this work, however, 
rather than a single point. This approach permits a knowl- 
edge of all waveforms with any drive circuitry, rather than just 
the total elapsed time. In addition, the total elapsed time is 
fixed (at just under 50 microseconds) by choosing the 
required value of constant gate current. Circuit designers are 
usually more comfortable with milliamperes and microsec- 
onds (although the product is charged in nanocoulombs). 


Test Circuit - Drive 


A test circuit is shown in Figure 9. The heart of this circuit is 
the Harris CA3280 integrated circuit. This is an operational 
transconductance amplifier (OTA) operated as a comparator. 
An OTA is a current output circuit where the output current 
and output transconductance are programmed by the ampli- 
fier bias current (lagc). Internal chip circuit feedback assures 
an extremely high output impedance within a compliance 
range established by the supply voltages. The circuit of Fig- 
ure 9 is actually two OTA’s in parallel. The linearizing diodes 
on this chip are not used. 


A value of Iago is established from the collector of the 
2N4036. The current into the load (the gate of the MOSFET 
under test) may be varied between +lagc and -l~gc times a 
constant of proportionality (approximately 0.9). The actual 
value depends upon the input differential input voltage. As a 
comparator, the differential voltage is large resulting in satu- 
rated behavior of tlagc. If the gate voltage comes within a 
volt of the rail voltages, this current goes to zero, producing a 
clamping voltage. For the purposes of this Note, these sup- 
ply voltages are adjusted to clamp 0 volts and +10 volts for 
the normal n-channel MOSFET. The behavior of this IC is 
excellent from submicroamperes to about 2.5mA. Higher 
current may be achieved by stacking many CA3280 pack- 


ages one on top of another and soldering the leads parallel 
to the chips rather than wiring many sockets. However, this 
arrangement may require an increase in the bypass capaci- 
tor values. 


A CA3240E MOS input op amp is used as a unity gain fol- 
lower. Otherwise, the 1mQ or 10MQ shunting impedance of 
the scope would load the righ impedance circuitry associ- 
ated with the MOSFET gate 


Testing Conditions 


A pulse generator is set for 50us on time duration and 
approximately 25ms repetition rate (about 0.2% duty cycle). 
The + clamp voltages are set to the appropriate values. The 
power MOSFET load resistor is chosen to equal the maxi- 
mum rated voltage divided by the maximum rated current. 


With a low value of drain supply voltage, observe the gate 
voltage while adjusting Iago A convenient set of conditions 
occurs when a short dwell iime of several us exists at the 
+10V level. Minor adjustments may be desired for lagc as 
the drain supply voltage is increased to maximum rated 
value. The L*FETs would be tested at +5V gate clamp. 


Figure 10 exhibits the pertinent waveforms for an 
RFM15N15. All power MOS\FETs have similar waveforms. 
Figure 10(A) is the 3V signal to the CA3280. Figure 10(B) is 
the power MOSFET gate current. In this example, the ampli- 
tude is +1mA with a third state of OMA. Figure 10(C) displays 
the gate voltage and the drain voltage, 10V peak-to-peak 
and 150V peak-to-peak. Figure 10(D) is a piece wise linear 
approximation of Figure 10((). The datum line is zero volts 
and applies to both waveforris. The time scale of the wave- 
forms of Figure 10 is 100s full scale. 


There are some features of the gate and drain voltage wave- 
forms that should be noted. These features are consistent 
with the equivalent model discussion. 


1. The waveforms during the positive gate current time are 
symmetrical to those during the negative gate current 
time. Exceptions will occur for very fast or very slow 
switching, and for nonsymetrical current drive. These ex- 
ceptions are discussed in “he following. 
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2. The drain voltage waveform contains a rather steep slope 
with a fairly constant dv/dt over most of the drain voltage 
excursion. 


3. The drain voltage contains a rather shallow slope with a 
fairly constant dv/dt over the remainder of the drain volt- 
age excursion. 


4. The drain transition voltage (defined as the intercept of the 
above two near straight lines) typically occurs when the 
drain voltage equals the sum of the gate voltage (at that 
instant of time) plus the product of the drain current times 
Ips(On). 


5. The gate voltage waveform contains three near straight 
line segments during the positive gate current transition 
time. 


FIGURE 10A. 3V SIGNAL TO THE CA3280 


FIGURE 10B. POWER MOSFET GATE CURRENT 


FIGURE 10C. GATE AND DRAIN VOLTAGE 


FIGURE 10D. PIECE WISE LINEAR APPROXIMATION OF 
FIGURE 10C 


Application of the Switching Data 


Figure 11 is a family of curves similar to Figure 10(C), where 
the drain supply voltage is fixed at four values. Note that the 
ordinate is 10V full scale for the gate voltage, while it is nor- 
malized to 100% of maximum-rated drain voltage for the 


drain-voltage curves. All four sets of curves are taken with a 
predetermined gate current, +l7. The abscissa is also nor- 
malized to 100 (I7/lg) microseconds full scale, where lg is 
the actual gate drive current. With this characteristic curve, 
switching behavior may be readily predicted for almost any 
driving circuit, provided the load is resistive. 


c\l | | fen | of or 
VF AL fe 
| ay | = 


ae 7 


FIGURE 11. CURVES SIMILAR TO THOSE OF FIGURE 10(C) 
WITH DRAIN SUPPLY VOLTAGE FIXED AT FOUR 
VALUES 


Symmetrical Current Drive 


Waveforms of Figure 11 will scale in an inverse manner with 
gate current. Driving current was varied from +200mA to 
+2uA for the device of Figure 11. Measurements of delay 
time (on), rise time, delay time (off), and fall time are plotted 
in Figure 12 and compared to the inverse scaling suggested 
by Figure 11. 


RFM15N15 


t - TIME (ms) 


10° 


10°! 


102 
10° 10! 102 103 104 10° 10° 
Ig - GATE CURRENT (mA) 


FIGURE 12. VARIOUS TIME MEASUREMENTS COMPARED TO 
THE INVERSE SCALING SUGGESTED BY 
FIGURE 11. 


It is anticipated that very slow switching (in the millisecond 
region) will result in the chip thermally tracking the power 
dissipation, which would cause some deviation from the 
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inverse scaling. This condition was not noted on Figure 12 
for gate currents as low as +2uA. 


Large gate currents result in very fast switching waveforms. 
The gate of each hex cell is accessed through a gate pad 
and gate runners, which are of a low resistivity metal 
followed by buried polysilicon of a moderate resistivity. As a 
result, the high gate currents cause a propagation delay to 
exist for those cells far removed from the gate runners. This 
effect is not seen in Figure 12, even though the gate current 
was increased to +200mA. 


Asymmetrical Current Drive 


The positive and negative gate drive will often be dissimilar. 
Of course, the scaling must reflect this situation. At other 
times the gate current varies with amplitude. This condition 
is always true when driving from a pulse generator of fixed 
resistance. Piecewise linear methods will yield the gate 
current, which will permit the proper piecewise linear scaling. 
This calculation could be done in the following manner: 


1. Mark eleven small x’s along the gate waveform of Figure 
11 dividing it into 10 equal voltage segments; for example, 
Vo =O, 1, 2,...9, TOV. 


2. Draw a vertical line through each x the full height of the fig- 
ure, creating 10 time segments. 


3. If the driving-pulse amplitude is 0 to 10 volts with an inter- 
nal resistance of 100 ohms, calculate the piecewise linear 
gate current for each time segment. Ig; = (10 - 0.5)/100 = 
95mA, Igo = (10 -1.5)/100 = 85mA, etc. 


4. Then scale each waveform within the pertinent time seg- 
ment by the proper gate current. 


5. Smooth the curves. 


6. Create 10 more time segments for the right half of Figure 
11 corresponding to an average gate voltage of 9.5, 8.5, . 
.. 1.5, 0.5 volts. Call these segments 11, 12,... 19, 20. 


7. In that the pulse-generator voltage is now zero volts, cal- 
culate Ig as: 
lg11 = (0-9.5)/100 = -95mA, Igy. = (0-8.5)/100 = -85mA, 
etc. 


8. Repeat 4 and 5. L?FETs would be treated with smaller 
voltage segments. 


Generally, the gate-voltage plateau of Figure 11 will not be 
located at the middle of the pulse-generator amplitude (5 
volts). As a result, rise and fall times measured this way 
experience differing gate currents and are “nonsymetrical’. 
This type of measurement will also lead one to observe 
temperature sensitivities, load-current sensitivities, and 
device-to-device variability, all of which are more circuit 
dependent than device dependent. 


Source-Lead Inductance 


The gate-voltage waveforms may be corrected by the 
voltage across the source-lead inductance and external 
inductance, which may be mutually common to the input and 


output current loops. This voltage, L di/dt, may be 
approximated and applied to the gate-voltage waveform 
after scaling Figure 12 for the actual gate currents. 
Generally, this effect is not appreciable for gate current small 
relative to +100mA. A very loose circuit wiring arrangement 
with inches of mutually common source wire will exaggerate 
this effect. 


Gate Voltage Propagation Effects 


Most power MOSFET aprflications need switch no faster 
than tenths of a microsecond, but should faster switching be 
required, this section will become important. It must be 
understood that the power MOSFET appears as a 
distributed network of many cells when used for very fast 
switching. 


The thousands of individual MOSFET cells are connected in 
parallel with highly conductive metal for the sources and 
drains. However, the gates are paralleled with a moderately 
conductive film of doped polysilicon. As a result, a very steep 
voltage waveform applied “o the gate pad will bias those 
cells close by, but a delay will occur for turn on or turn off. 
Because of the nonlinear “input capacitance” of each cell, 
the delay cannot be characterized by a pure number of so 
many nanoseconds. 


Presently, most manufacturers characterize typical switching 
speed for a single test condition. The test conditions are 
usually chosen to present the most favorable result, usually 
near the upper limit of usefulness. 


Figures 13(A), (B), and (C) show the increasing effect of gate 
voltage propagation. The cate waveform is the only one 
shown because the drain is not affected so drastically. This is 
true because some cells are overdriven, offsetting the effect of 
the starved cells. Care must be exercised when operating with 
large gate effects similar to those of Figure 13(C). 


(A) 


(A) 
(C) 


(B) 


FIGURE 13. CURVES SHOWING THE INCREASING EFFECT OF 
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GATE VOLTAGE PROPAGATION 


Gate-propagation effects may be reduced by the following 
design methods: 


1. Many gate runners. 

2. More conductive polysilicon. 

3. Silicide rather than polysilicon gates. 
4 


. Less cells (resulting in lower transconductance and higher 
Ron). 


on 


. Substantially different lateral and vertical structure. 


6. High-frequency packaging. 


None of the above methods will yield “breakthrough” devices 
unless used in combination. 


Any of the previous methods require trade-offs which would 
not be attractive to the needs of most components users. 
These trade-offs are in the realm of: 


1. Reduction of Ron per unit area. 

2. Decreased yield. 

3. Added cost (beyond the cost of yield impact). 

4. RFI, self-oscillation, and other problems characteristic of 
very fast devices. 
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Author: Harold R. Ronan, Jr. and C. Frank Wheatley, Jr. 


The examination of power MOSFET voltage and current 
waveforms during switching transitions reveals that the { Satire METH \ 
device characterization now practiced by industry is inade- 

POLY GATE GLASS GATE OXIDE\___, 


TU 
ft JFET 


quate. In this Note, device waveforms are explained by con- 
sidering the interaction of a vertical JFET driven in cascode 
from a lateral MOSFET in combination with the interelec- 
trode capacitances. Particular attention is given to the drain- 
voltage waveform and its dual-slope nature. The three termi- 
nal capacitances now published by the industry are shown to 
be valid only for zero drain current. For cases where the gate 
drive is a voltage step generator with internal fixed resis- 
tance, the drain voltage characteristics are inferred from the 
gate current drive behavior and compared to observed 


b 


waveforms. The nature of the “asymmetric switching times’ FIGURE 1. CROSS-SECTIONAL VIEW OF MOSFET SHOWING 
is explained. EQUIVALENT MOS TRANSISTOR AND JFET 
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A waveform family is proposed as a more descriptive and 
accurate method of characterization. This new format is a us 


plot of drain voltage and gate voltage versus normalized = ne 
time. A family of curves is presented for a constant load a 

resistance with VOO varied. Gate drive during switching tran- 

sitions is a constant current with voltage compliance limits of 

0 and 10 volts. Time is normalized by the value of gate driv- GATE 

ing current. The normalization shows excellent agreement 

with data over five orders of magnitude, and is bounded on a - 


one extreme by gate propagation effects and on the other by 
transition time self-heating (typically tens of nanoseconds to 
hundreds of microseconds). SUNBCE 

Device Models FIGURE2. MOSTRANSISTOR WITH CASCODE-CONNECTED 

JFET AND ALL CAPACITORS 

The keystone of an understanding of power MOSFET 

switching performance is the realization that the active 

device is bimodal and must be described using a model that 

accounts for the dual nature. Buried in today’s power MOS- 


aa GATE —~ a DRAIN 
FET devices is the equivalent of a depletion layer JFET that 
contributes significantly to switching speed. Figure 1 is a 
cross-sectional view of a typical power MOSFET, with MOS- | 


FET/JFET symbols superimposed on the structure. 


Figure 2 is obtained by taking the lateral MOS and vertical 
JFET from this conception and adding all the possible node- 
to-node capacitances. Computed values of the six capaci- 
tances for a typical device structure suggest that device 
behavior may be adequately modeled using only three 
capacitors in the manner of Figure 3. This is the model to be 
employed for analysis and study 


SOURCE 


FIGURE 3. FIGIJRE 2 SIMPLIFIED 
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Gate Drive: Constant Voltage or 

Constant Current 

Before moving on to the study of the equivalent circuit states 
of the model, a gate-drive forcing function which is easy to 
represent, relates to reality, and best illustrates device 


behavior must be chosen. The choice may be immediately 
narrowed to two: 


(1) An instantaneous step voltage with internal resistance R, 
Figure 5. 


(2) An instantaneous step current with infinite internal resis- 
tance, Figure 6. 


‘GATE VOLTAGE 


STATES 


VOLTAGE —~> 


Ig = CONSTANT 


FIGURE 4. IDEALIZED POWER MOSFET WAVEFORMS 


Ve L v(t) 


| es 
i(t) Cc 


v(t) 
| < 
ra) 


TURN ON 
v(t) = Vg (1 - e)"YRof 
i(t) = Vg e URoC 

RO 


TURN OFF 
v(t) = Vg e “Ro 


i(t)=-V e/RoC 
w) aa Ipk = VaG/Ro 


FIGURE 5. STEP-VOLTAGE FORCING FUNCTION 


Power MOSFET devices are highly capacitive in nature; 
hence, simple capacitor responses to the forcing functions 
offer a good vehicle for comparison. The advantageous 
choice is immediately obvious: Figure 5. Voltage/time 
responses dominated by capacitance are straight lines 
(when constant current is used). The slope of these lines is 


proportional to current and inversely proportional to capaci- 
tance. Analytically, then, constant current is most conve- 
nient. It is quite another matter, however, to build a 
bidirectional current drive that is accurate across the many 
decades of both current and time required to establish 
experimental verification. 


Six States 


To completely characterize power MOSFET switching wave- 
forms, the six states that a device assumes, Figure 6, must 
be addressed: 


CStaTe [wos eT 
ramon [oF oF 


+The term saturated is taken to mean a constant low-voltage 
drain-source condition. 


lo i(t) iT 
; | co v(t) “Ss 
lg > 
c T T t 
TURN ON , 
Igt G 
v(t) = . _ 
i(t) =IgO<t<T = 
TURN OFF t 


v(t) = 2Vq 


“Ig 
i(t) =IgT<t<2T 


FIGURE 6. STEP CURRENT FORCING FUNCTION 


Equivalent Circuit 


The lumped-parameter model of Figure 3, with the cascode- 
connected JFET, can now be reduced to the linear equiva- 


lent circuit of Figure 7, and the six device states investigated 


from full off to full on. 


GATE 94 


ji* - 


Vv 
Cy Suu YX 


9 SOURCE 


LEGEND 


- Gate Voltage - Drain Source Capacitance 
- JFET Driving Voltage Om | - MOSFET Transconductance 
- Drain Voltage - JFET Transconductance 


Ces} - Gate Source R, — |- Drain Load Resistance 
Capacitance 

Cy |- MOSFET Feedback le - Constant Current Amplitude 
Capacitance 


FIGURE 7. POWER MOSFET EQUIVALENT CIRCUIT 
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State 1: MOS Off, JFET Off 


In a power-MOSFET device, no drain current will flow until the 
device gate threshold voltage, Vy, is reached. During this time, 
the gate current drive is only charging the gate source capaci- 
tance. More accurately, Ig is charging Cisg (Cisg = Cag + Cep, 
Cps shorted), the capacitance designation published by the 
industry. 


The current generators, GyyVG and gyyVx are open circuits for 
zero drain current, and R,_ is presumed to be so low as to repre- 
sent a short circuit (generally true for practical applications). This 
is academic however since Cgs is very much larger that Cg. The 
time to reach threshold, then, is simply: 
a Ciss Vt 
Ke 


State 2: MOS Active, JFET Active 


This state graphically illustrates the dramatic influence that the 
JFET has on the power MOSFET drain-voltage wave- form. 
Instead of having to discharge C, from Vpp to ground, the lateral 
MOSFET need only swing vy to ground, a much smaller voltage 
thanks to the grounded gate JFET. Since the interaction of R,_ 
with the device capacitances has a second-order effect on the 
drain voltage, the equivalent circuit of Figure 7 predicts a drain 
voltage change of: 


dye/dt = guRiIeCas + Cx(1 + Gw/9mu)] 

In all but the smallest power-MOSFET devices, C, is several 
thousand picofarads and gyy/gmy is of the order of 3:1. Power- 
MOSFET devices exhibit a high dvp/dt switching rate because of 
the cascode-connected J FET, not because Crss (Crass = Cep) 
is a small value, as zero-drain-current data- sheet capacitance 
values might lead one to believe. If Cass were, in actuality, small, 
long drain voltage tails would not exist. The tail response is a 
direct result of JFET saturation. In order to delineate the transi- 
tion from state 2 to state 3, a drain voltage at which the transition 
occurs must be defined. Vpx is the knee voltage at which linear 
extrapolations of drain-voltage slopes intersect. The time dura- 
tion of state 2 is: 


t= (Vpp - Vpox)[Cas + Cx(1 + G/Gmd))/SuMR Lig 
State 3: MOS Active, JFET Saturated 


When the JFET saturates, the gx,j)Vx Current generator becomes 
a short circuit and the equivalent circuit predicts: 


dyp/dt = gvRileICgs + Cx(1 + gMRL)) 
This is the Miller effect so often referred to in older texts that 
describe the behavior of grounded-cathode vacuum-tube ampli- 
fier circuits. Allowing for the fact that 1 + gyR, is approximately 
equal to gyR, and Cy(1 + gryR,) is very much larger than Cgs, 
the expression for drain-voltage tail time is: 


t= (Vpx - Vojsat})CxG 
State 4: MOS Saturated, JFET Saturated (Turn-Off) 


In this state, in addition to gyyjVx being shorted, the gyyVg current 
generator is shorted, and Ig is occupied with charging Cy and 
Cgs, in parallel, from the peak value of Vg to Varsar). The time 
required for this is: 


t= (Vg - Vaisat)(Cas + ©x)/Iq 
Since a value for Cgg may be measured independently of switch- 


ing time, the method describe:d is the simplest way of determin- 
ing Cy. 


On turn-off, the state time equations are equally applicable, 
but in reverse order (states !5 and 6); see the idealized wave- 
form of Figure 4. 


Experimental Verification 


The four switching states just analyzed indicate that for a given 
device, all four switching state times are inversely proportional to 
the magnitude of the gate drive current. Figure 8 illustrates the 
switching performance of a typical power MOSFET across three 
decades of gate drive curren: and time. In each case the data 
slope is almost a perfect -1. 


A New Device Chara:terization 


Figure 8 could not be a reasonable device data sheet presenta- 
tion because it does not give the designer any information on a 
typical value for Cy, nor does il convey how Vpx, Gu, G/Gmy, and 
Vg(sat) vary with drain current. What would be of enormous 
value to the designer is a plot cf Vp(t), Vg(t) for selected values of 
Vpp and Ip within device ratings. 


A reasonable characterization would be as follows: 


—_ 


. The x axis would be normalized in terms of gate current drive. 


2. The y axis would be normalized in terms of percent maximum rated 
Vp (0 to 100%). 
3. Ry = Vp(max)/p(max) would define the drain load resistance. 


4. Four plots of Vp(t), Vg(t) at 100%, 75%, 50%, and 25% Vp(max) 
would be shown. 


RFM15N15 
Vop = 75V 
Ip =7.5A 
Ro = 00 CE) 
Vg =10V 


(t) - MICROSECONDS 


DATA THEORY 
to(OFF) +  seceese 
tr ° _——— 
te A eamemaiaa 
tpo(ON) B® LLL. 


0.01 


10 1000 
(Ig) - MILLIAMPERES 


FIGURE 8. CONSTANT GATE CURRENT SWITCHING TIME 


Figure 9 is such a plot for tha RFM15N15 power MOSFET. 
With such a plot, a designer can estimate device switching 
performance under any resistive gate/drain conditions. 
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75 
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” 

> 

~ 50 

fe RFM15N15 

= lr =1mA 

50 Vg = 10 VOLTS 
25 Ri = Voss/I~jRms) 

0 


20Iq/Ig A0lrlig 60Iq/Ig 80Iq/Ig 
TIME - microseconds 


FIGURE 9. NORMALIZED RFM15N15 SWITCHING WAVE- 
FORMS FOR CANSTANT GATE-CURRENT DRIVE. 


Step-Voltage Gate Drive 


The majority of power MOSFET applications employ a step 
gate-voltage input with a finite source resistance Ro. Often 
Ro for turn-on is not the same as Ro for turn-off. How can 
switching times for these situations be estimated using the 
switching characterization curves just described? The analy- 


TABLE 1. 


sis for resistive step voltage inputs, which is complex 
because the gate current is no longer constrained to be con- 
stant, but is a function of device gate-voltage response, is 
covered in Appendix A. (A second, shorter appendix, B, has 
been added to illustrate the estimation of Ro for some practi- 
cal gate drive circuits.) Table | summarizes the common 
switching equations, and indicates the appropriate 1G to be 
used in each state for relating step voltage drives to the 
characterization curves. 


Experimental Verification 


Since the switching equations for step currents and voltages 
differ only by gate-current magnitudes for the same device 
type, one would expect a plot of switching time versus 1/Ro 
to be of the same form as those obtained for a step current 
drive. This is exactly the case, as Figure 10 is merely a vari- 
ation of Figure 8. Using the relationships of Table |, the 
observed differences between Figures 7 and 9 can be pin- 
pointed. The two sets of experimental curves confirm that, 
on the basis of the short-circuit drive current VU/Ro equal- 
ling the constant 1G, t6(on), t, td(off), and t1 will all be 
longer, as predicted by the ratios of the gate drive currents of 
Table 1. Notice also that t, t1 switching symmetry is dis- 
rupted by the use of a step voltage with source resistance 
Ro. For states 2 and 6 the time ratio is: 


COMMON SWITCHING EQUATIONS 


CONSTANT CURRENT STATE 1: MOS OFF, JFET OFF CONSTANT VOLTAGE 


Ciss Vr 


t= Ro Ciss [1] 
In [1 - V7/Gy] 


Iq = (Vg - Vr/Ro 


[Vpp - VoK] [Cas + Cx (1 + Gx/9my)] 
eV Lalies 
STATE 3: ACTIVE, SATURATED 


NK Vosarx = 


STATE 4: SATURATED, SATURATED 


STATE 5: ACTIVE, SATURATED 


Nox Vosari@x Vpsat)Cx 


STATE 6: ACTIVE, ACTIVE 
[Vop - VoK] [Cas + Cx (1 + On/Gmy)] 


QuRile 
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Experimental Verification State 2: MOS Active, JFET Active 

Since the switching equations for step currents and voltages Ig=  (10- 4)/100 = 60mA 

differ only by gate-current magnitudes for the same device (curve divisions) x lz us 9 

type, one would expect a plot of switching time versus 1/Ro t= os a * 150ns 

to be of the same form as those obtained for a step current 

drive. This is exactly the case, as Figure 10 is merely a vari-  gtate 3: MOS Active, JFET Saturated 

ation of Figure 8. Using the relationships of Table |, the 

observed differences between Figures 7 and 9 can be pin- Ig=  (10-7)/100 = 30mA 

pointed. The two sets of experimental curves confirm that, (curve divisions) x ly ps 14 

on the basis of the short-circuit drive current VG/Ro equalling t= —————————_ = =  467ns 
; 30 30 

the constant Ic, tp(on), tr, tp(off), and te will all be longer, as 

predicted by the ratios of the gate drive currents of Table 1. State 4: MOS Saturated, JIFET Saturated 

Notice also that tp, te switching symmetry is disrupted by the 

use of a step voltage with source resistance Ro. For states 2 Cgs+C, = (gate voltage slope)(test current) 

and 6 the time ratio is: = (1.5.x 10%s/5 volts)(10mA) 

truRN-ON  _ __V@\sar) = 300.pF 
trURN-OFF Vg - Vr t=  100(3000 x 10°'2) in 10/6.6] 
For states 3 and 5 the time ratio is: — ie 
trices ; Vo (SAT) State 5: MOS Active, JFET Saturated 
'TURN-OFF Vg - Vacsar) Ig=  6.6/100 = 66mA 
Utilization of available maximum gate drive voltage and cur- ce mone Fhe 
rent can be optimized for fastest power MOSFET switching 66 66 


speed through the use of constant-current gate drive at the 
expense of increased gate-drive circuit complexity. 
10 


Figure 11 shows RFM15N15 waveforms using the condi- 
tions specified in the example. 


RFM15N15 


RFM15N15 

Vpp = 75 VOLTS 
R, =: 10 OHMS 
Vg =: 10 VOLTS 
Ro :: 100 OHMS 


(t) - MICROSECONDS 
DRAIN VOLTAGE - VOLTS 


0.1 


0 1.5 3 
TIME - IAICROSECONDS 


FIGURE 11. STEP GATE VOI.TAGE INPUT TO AN RFM15N15 


USTME. | RATIO 
TIME RATIO 

es 
Tafa 
avo 


CALCULATED 
TIME 


(tc, ns) 


FIGURE 10. CONSTANT GATE VOLTAGE SWITCHING TIME 


Using the Characterization Curves, 
Figure 9 


Ee Ce 


To estimate the switching times for an RFM15N15 power 
MOSFET under the conditions Vg = 10V, Vpp = 75V, Ro = 


100 ohms, and R,; = 10 ohms, precedes as follows: 
State 1: MOS Off, JFET Off For peak gate voltages other than 10 volts, and load resis- 
tances other than Vpss/Ipirus), the equations of Table 1 
This time can be estimated without recourse to the curves may be used in conjunction with slope estimates from the 
t=  100(1200 x 10°12) in [4/(1 - 4/10)] characterization curves for C), and Cgg + Cx(1 + gry/guy) at 


‘= Bin the appropriate drain-current level. 
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Characterization-Curve Limits 


The switching-time range over which the characterization can be 
applied is very impressive. For gate currents of the order of 
microamperes, device dissipation is the limiting factor. For gate 
currents of the order of amperes, the device response will be 
slowed by gate propagation delay. This delay, of course, 
degrades the linear switching relationship to gate current. How- 
ever, as Figure 12 graphically shows, the characterization is valid 
across five decades of gate current and switching time, allowing 
all but a very few switching applications to be described by the 
charactenzation curves of Figure 9. 


104 


RFM15N15 


TIME(t) - MICROSECONDS 
3 3, 


—_ 
be 
ss 


GATE CURRENT (Ig) - MICROAMPERES 


FIGURE 12. FIVE DECADES OF LINEAR RESPONSE 


Conclusions 


The viability of the proposed characterization curves using con- 
stant current has been demonstrated and the limits of applica- 
tion defined. The existence of a vertical JFET in a power 
MOSFET makes data-sheet capacitances of little use for esti- 
mating switching times. The classical method of defining 
switching time by 10% and 90% is a poor representation for 
power MOSFETs because of the dual-slope nature of the drain 
waveforms. Switching influences are masked because the 10% 
level is controlled by one mechanism and the 90% level by 
another. Device comparisons based on the classical switching 
definition can be very misleading. 


Appendix A - Analysis for Resistive Step 
Voltage Inputs 


Step Voltage Gate Drive 


To obtain the necessary relationships, six device switching 
states must be examined using the same device equivalent 
circuit as was used for the constant-gate-current case, but 
with the forcing function replaced with a step voltage with 
internal resistance Ro, Figure A-1. 


D DRAIN 


LEGEND 


- MOSFET Transconductance 
- JFET Transconductance 


Drain Load Resistance 


- Constant Current Amplitude 


- MOSFET Feedback 


FIGURE A-1. POWER MOSFET EQUIVALENT CIRCUIT 


State 1: Mos Off, JFET Off 


As before, both current generators are open circuits, reducing 
the equivalent circuit to simply charging Cisg through Ro. 


t= RoCigsin(1/(1 - V7/Vq)] 
i= Velo 


State 2: Mos Active, JFET Active 


Before proceeding, it is wise to examine an actual device 
response and make use of available simplifications. Figure A-2 
shows ig(t) and ip(t) for a typical power MOSFET driven by a 
step gate voltage. For truly resistive switching, realize that these 
waveforms are only mirror images of their voltage counterparts 
Vg(t) and vp(t). Using Figure A-2, applicable gate currents for 
each of the device states may be listed. 


CURRENT—~> 


TIME ——> 


FIGURE A-2. ig(t) AND ip(t) FOR A TYPICAL POWER MOSFET 
DRIVEN BY A STEP GATE VOLTAGE 


Turn-On 
State 1: MOS Off, JFET Off 
Ipk1 = Ve/Ro 


State 2: MOS Active, JFET Active 


IpK2 = (Vg - Vr)/Ro 
State 3: MOS Active, JFET Saturated 


IpK3 = (Vg - Vasat))/Ro 
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Turn-Off 
State 4: MOS Saturated, JFET Saturated 
IpKa = Va/Ro 
State 5: MOS Active, JFET Saturated 
leks = Vacsat)/Ro 
State 6: MOS Active, JFET Active 
Ipke = Vacsat)/Ro 

The equivalent circuit of Figure A-1 predicts that: 
dvp/dt = -guRi (Vag - VreU"! 11 

where T1 = RoCgs + (1 + Gx/Gmy)RoCx 


Note that gyRi(Vq - Vr) is usually an order of magnitude 
greater than Vpp, indicating that the drain voltage is discharging 
toward a very large negative value. The device operation, then, 
is on the early, almost linear, portion of the exponential, where 
et approximates unity. The drain current of Figure A-2, and 
hence the drain voltage, does indeed exhibit a linear decrease 
with time. 


Thus, for state 2: 


_ [Vop- Voxl[Cas + Cx(1 + 9w/9my)! 
Om !pxa 
where IpKo = (VG - V1)/Ro 
State 3: Mos Active, JFET Saturated 


Because of the Miller effect, the gate voltage and, hence, the 
gate current, is almost constant during the tail time. The 
equivalent circuit then predicts: 
dVp OmRiIg Fe 
dt Cas + (1+ GMRL)Cx Cx 
Ig = Ipxs = (Ve - Vacsat))/Ro 
(Vox - VoysaT)) Cx 


and t= 
IpK3 


State 4: Mos Saturated, JFET Saturated (Turn-off) 

Both equivalent-circuit generators are short circuits, and the 
gate drive is discharging Cy in parallel with Cgs through Ro. 
t = Ro(Cas + Cx) In[Ve/Vasar)] 

IpKa = Va/Ro 

State 5: Mos Active, JFET Saturated 
The JFET current generator V,g,,), is operative. 


= [VoK - VojsaT))Cx 


IpKs 


IpKs = VaisatyRo 
State 6: Mos Active, JFET Active 


The Miller effect is now reduced by the activation of Vggmy, 
and the equivalent circuit predicts: 


[Vop - VokI[Cas + Cx(1 + 9n/9my)] 
OmRL !pake 


lpaxe = Vaisat¥Ro 


Appendix B - Estimating Ro for Some 
Typical Gate-Drive Circuits 


Case 1: Typical Pulse-Generator Drive, Figure B-1 


FIGURE B-1. TYPICAL PULSIE-GENERATOR DRIVE CIRCUIT 
Turn-On and Turn-Off 
Ro = ReenRes/(Rcen + Res) 


For the typical case where Reen = 50Q, and a coaxial-cable 
termination of 50 ohms, Ro = 252 and Vg = Vgen/2. 


Case 2: Voltage-Follower Ciate Drive, Figure B-2 


FIGURE B-2. VOLTAGE-FOLLOWER GATE-DRIVE CIRCUIT 


Turn-On 


Ro is approximately equal to 1/gy for Rg very much 
greater than 1/gy,. 


gm = transconductance of driving MOSFET transistor. 
Turn Off 
Ro =Rs 


Case 3: Common-Source Gate Drive, Figure B-3 
eo wef nie 


FIGURE B-3. COMMON-SOURCE GATE-DRIVE CIRCUIT 


Turn-On 


Ro = Rp (drain-to-ground capacitance of driving 
device adds to Cgs of driven MOSFET.) 


Turn Off 
Ro = Rps(on) of driving MOSFET 


Rp is very much greater than Rps(on) 
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The Application Of Conductivity-Modulated 
Field-Effect Transistors 


Author: Jack Wojslawowicz 


Summary 


The development of conductivity-modulated field-effect 
transistors, FETs, makes available to the system designer 
another solid-state device that can be used to implement 
power switching control. This paper reviews differences 
between the standard and the newly developed FET. It 
shows the significant advantages that the conductivity- 
modulated FET has over the standard FET. Several 
applications are presented to show that this new type of 
device works well in practical situations. The relative 
immaturity of the conductivity-modulated FET may limit its 
initial utilization. But as the family grows and product 
innovation and refinement takes place, this newest member 
of the power semiconductor family will become a viable 
alternative to the other members. 


General Considerations 


The development of the power field-effect transistor has 
made available to the power-stage designer an entire new 
family of power semiconductors. Over the past 5 to 6 years, 


the breadth of product has grown to encompass the require- 
ments of a large number of applications. A limiting factor that 
has slowed the utilization of power FETs in the high-current, 
high-voltage applications is the fact that the on-state 
resistance (Rpsion)) in a standard FET is related to its 
breakdown voltage (Bypss) by a nearly cubic power, i.e., 
Rosion) = Bypss 2.8. What this implies, as Figure 1 shows, 
is that as the breakdown voltage increases, the on-state 
resistance climbs even faster. 


4 P-CHANNEL MOSFETs 
N-CHANNEL MOSFETs 
td 
N-CHANNEL 


CONDUCTIVITY 
MODULATED FET 


P-CHANNEL CONDUCTIVITY 
MODULATED FET 


SPECIFIC ON-RESISTANCE (Q-cm2) 
© 
ne 


10 100 1000 
DRAIN-SOURCE VOLTAGE (V) 
FIGURE 1. SPECIFIC ON-RESISTANCE OF P AND N-CNANNEL 


MOSFETS AND CONDUCTIVITY-MODULATED 
FETS vs FORWARD BLOCKING VOLTAGE. 
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The MOSFET on-state resistance is contributed to primarily 
by three components of the transistor: the MOS channel, 
the neck region, and the extended drain region. The 
extended drain region contributes the most to the on-state 
resistance in high-voltage MOSFETs. To achieve a lower on- 
state resistance at a given blocking voltage, the usual 
technique is simply to make the die larger. However, 
increasing the die size has its limitations from a 
manufacturing point of view, since MOSFETs, with their very 
fine horizontal geometries, are highly defect-yield sensitive. 
As die size increases, the likelihood of a defect resulting in a 
nonfunctional part increases exponentially. This tendency, 
combined with a smaller number of parts per wafer, limits the 
availability of low-on-state-resistance, high-voltage MOS- 
FETs. 


A change in the horizontal geometry of the MOSFET can 
lower the specific on-state resistance per unit area. By using 
more channel width with smaller source cells placed closer 
together, a reduction in on-state resistance can be achieved. 
A limitation on how close these cells can be placed arises 
from a possible localization of field concentrations that will 
limit the voltage breakdown of the structure to less than the 
theoretical rating due only to impurity concentrations. 
Therefore, for a given breakdown voltage, there exists a 
minimum spacing of the cell structure. Generally, the higher 
the required breakdown voltage, the further apart the cells 
must be placed. 


As stated earlier, the extended drain region of the MOSFET 
generally contributes the most to the on-state resistance in 
high-voltage MOSFETs. As the required blocking voltage is 
increased, this region must be made thicker and more lightly 
doped to be able to support the desired voltage. It is this 
region's contribution to on-state resistance that the conduc- 
tivity-modulated field-effect transistor drastically reduces. 
This reduction occurs as the result of the injection of minority 
carriers from the substrate and, in specific on-state resis- 
tance per unit area, is about 10 times less than in a standard 
MOSFET at the 400V BVpgsz level, as shown in Figure 1. 


Further analysis has shown that the specific on-state 
resistance may be nearly independent of blocking-voltage 
level. This finding implies that at a BVpss of 1000V, the 
reduction in conductivity-modulated FETs over the standard 
MOSFETs could be perhaps 50 to 1. These reductions in 
on-state resistance per unit area that the conductivity- 
modulated FETs can achieve present the possibility that 


10-59 


APPLICATION 


NOTES 


Application Note 7332 


high-voltage high-current FET-type devices can become 
more readily available because of the smaller die sizes 
associated with conductivity-modulated FETs. 


Comparison of Standard and Conductivity-Modulated 
FETs 


Standard and conductivity-modulated FETs share some 
characteristics, but are substantially different in others. 
Shown in Table 1 is a listing of the major characteristics that 
make the conductivity-modulated FETs unique among 
power semiconductor families. Foremost, it is a voltage- 
gated device; its input characteristics are similar to standard 
power MOSFETs of comparable chip size. Very little drive 
power is required at low to moderate switching frequencies. 
The device remains under the control of the gate within its 
normal operating conditions. It exhibits the normal linear 
mode as well as the fully saturated on-state of conventional 
power MOSFETs. When the gate voltage is removed, the 
device turns off, unlike the thyristor family of power 
semiconductors, which must be either externally or naturally 
(internally) commutated. 


TABLE 1. CONDUCTIVITY-MODULATED FET 
CHARACTERISTICS 


Voltage Gated Small gate power required. Similar 
to standard power MOSFET. 

Turn Off When gate drive is removed... 
Unlike an SCR! 

Nonlinear On-State Like that of an SCR. 

Voltage drop 

Turn On Speed Fast! Comparable to a standard 
power MOSFET. 

Turn-Off Speed Slow! Comparable to a bipolar 
transistor. 

Temperature Independent Unlike the typical 2x variation of a 

On-State Voltage Drop power MOSFET. 


The on-state voltage drop or resistance characteristic of a 
conductivity-modulated FET is markedly different from that 
of a standard power MOSFET, and is similar to that of a 
thyristor family member, the SCR. There is an offset voltage 
component (typically 0.6V) due to the p-n junction on the 
drain side, and a somewhat nonlinear resistive component, 
both of which are in series between the drain and source 
terminals. This series arrangement results in a_ highly 
nonlinear equivalent resistance, unlike the linear resistive 
characteristic of Vpsyon) Of a standard FET. 


The structure of the conductivity-modulated FET operates 
during its turn on just as a standard FET does, hence its 
turn-on speed is very similar to that of a standard FET. With 
its high input impedance and its short propagation delay, the 
turn-on transition of the conductivity-modulated FET, as well 
as the standard power FET, is easily controlled by the gate 
driving circuit. This characteristic allows the designer the 
ability to control EMI and RPI generation easily. With other 
power semiconductors, it may be necessary to employ elab- 
orate circuit schemes to limit rapidly rising in-rush currents. 


A significant characteristic that must be considered in power 
switching applications is that of turn-off speed. The internal 


action that makes the conductivity-modulated FET such a 
silicon-efficient device also makes it an inherently slower 
device during turn-off. The injection of the minority carriers 
during the on-state conduction of current results in these 
carriers being present at the moment of turn-off. Without any 
way of removing these carriers by external means, they must 
recombine within the structure itself before the device can 
revert to its fully off-state condition. The quantity of these 
carriers and how fast they can deplete themselves 
determines the turn-off swi:ching speed of the conductivity- 
modulated FET. This jrocess of recombination is 
considerably slower than the simple discontinuance of 
majority carrier flow by which the standard power FET turns 
off. Hence, again, the conductivity-modulated FET is an 
inherently slower device. Its turn-off speed lies somewhere 
between the performance of a thyristor and that of a bipolar 
transistor. 


The final characteristic that makes the conductivity- 
modulated FET different from a conventional FET is the 
variance of on-state voltage with temperature. The 
characteristic of the conduc 'ivity-modulated FET is similar to 
that of an SCR, varying about -0.6mV/°C. The conventional 
FET has a positive temperature coefficient such that on 
high-voltage devices the Rrgion) will double from its +25°C 
value when the junction ternperature reaches +150°C. The 
system designer must take this characteristic into consider- 
ation when the heat sink is being designed for the system. 


It is these similarities and diferences that make the conduc- 
tivity-modulated FET a unique member of the family of 
power-semiconductor switching devices. Applications of this 
alternative power switching device invariably make use of 
one or more of its unique characteristics. 


Applications 
Automotive Ignition 


An application that can take advantage of the low drive- 
power capability of the conductivity-modulated FET is the 
electronic automotive ignition system. In Figure 2, the control 
IC takes the signal from the pickup coil located in the 
distributor and regulates the current through the ignition coil. 
At the proper time, the IC removes base drive from the 
bipolar transistor, which all systems currently employ as their 
coil driver. This removal of base drive allows the transistor to 
shut off which, in turn, causes a rapid decrease in the 
ignition-coil primary curreit. As the primary current 
decreases to zero, the energy stored in the field surrounding 
the primary is transferred to the secondary coil. The 
secondary coil, consisting of many more turns than the 
primary, transforms this exergy into a higher voltage, 
resulting in a spark being yenerated in the cylinder. The 
control IC determines when this spark occurs, so as to 
derive usable power. With the use of a bipolar transistor, it is 
estimated that approximately two-thirds of the power 
dissipation that occurs in the control IC is the result of the 
need to be able to drive the required base current of the 
ignition output transistor. The high-impedance input of the 
conductivity-modulated FET virtually eliminates the base- 
current drive dissipation of th2 control IC. 
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With improved silicon usage, the conductivity-modulated 
FET brings to power semiconductor switching devices the 
die size necessary to attain the required voltage and current- 
handling capabilities of the electronic ignition. This smaller- 
sized die makes possible smaller modules, whether they be 
hybrid or standard PC-based systems, than those currently 
implemented with bipolar-transistor technology. 


Brushless DC Motors 


Another emerging application that can make use of 
conductivity-modulated FETs is the emerging field of 
brushless DC motors. In this class of application, the solid- 
state devices are used to electronically switch the voltage to 
the multiplicity of windings that are employed. The motor 
consists of an armature that has a number of N and S poles 
consisting of high-strength permanent magnets. The stator 
is made up of the multiplicity of windings that were 
mentioned above; the windings are spaced incrementally 
about the outside frame of the housing. The voltages to 
these windings are all electronically switched to create a 
rotating magnetic field. The armature then rotates to 
maintain its relative position within the moving magnetic 
field. The switching of the voltage on the stator windings is 
done by means of power semiconductor devices. A basic 
block diagram of such a system is shown in Figure 3. 


The control logic provides the proper sequence of drive 
signals based on the rotation direction desired, the speed 
desired, and the enable input. These requirements are 
combined with the inputs from the hall-effect sensors to 
determine which power devices should be activated. Since 
the current through the stator windings must be bidirectional, 
the half-bridge or totem-pole output configuration is used to 


steer the current. This circuit implementation is generally 
performed with complementary devices, although single- 
polarity devices can be used with increased circuit 
complexity. 


In a typical 120V off-line system, like the one shown in 
Figure 3, the switching devices must have a 300V to 400V 
blocking capability. For larger size motors, where larger 
currents are necessary, the use of power FETs generally 
implies the use of large die to achieve a low power 
dissipation to meet the heat-dissipation capability of the 
packaging. The conductivity-modulated FET, with its 
temperature-independent on-state-voltage-drop characteris- 
tic, helps this situation by keeping the dissipation lower than 
can be achieved with a standard power FET because of the 
increasing Rpgion) Characteristic of that device. The small 
die size of the conductivity-modulated FET, the result of 
better silicon utilization, again makes them the practical 
choice in motor control not only because of their electrical 
characteristics, but also because of the lower manufacturing 
cost of the die. 


As stated above, system complexity can be reduced with 
complementary devices. Although p-channel conductivity- 
modulated FETs are not yet commerically available, 
laboratory samples have been fabricated which offers 
better silicon utilization efficiency than their conventional p- 
channel counterparts. This statement is based on the fact 
that p-channel MOSFETs require a 2.5 times larger area 
than an n-channel device for the same Rpson). The easier 
drive requirements for the n-channel (directly driven from 
the control IC) and the simplified voltage-translation circuit 
for driving the p-channel devices, combined with the 
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smaller die size with potentially lower device cost for 
comparable power handling capability, makes the 
conductivity-modulated FET a natural for the brushless DC 
motor application. 


Switching Power Supply 


One final application that has the potential for conductivity- 
modulated FET usage is the switching power supply. A half 
bridge configuration implementation is presented in Figure 4. 
The system shown uses a standard PWM control IC to drive 
the conductivity-modulated FETs through the T2 
transformer. The voltage drive characteristic of these 
devices makes the design of transformer T2 quite simple. 
The control IC is more lightly loaded because it does not 
have to supply a continuous base drive, as would be 
necessary with bipolar transistors. 


The operating frequency and the “dead time” are the limita- 
tions placed on this system when conductivity-modulated 
FETs are used. The inherent lower switching speeds of 
these types of devices make these limitations necessary. 
The system is currently limited to the 20kHz to 30kHz range, 
with dead times as low as 1 to 2 microseconds. This charac- 
teristic is comparable to many existing bipolar systems. 
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Improvements in switching speeds will occur as _ the 
conductivity-modulated FET matures. It is, however, unlikely 
that they will ever have ‘he same switching speeds as 
standard power FETs. This: limitation prohibits their use in 
some of the newer higher-frequency power supplies being 
designed now with conventional FETs. However, in higher- 
power supplies, where conventional FETs must be paralleled 
to achieve a low enough 2psion) for good efficiency, the 
conductivity-modulated FET may present a viable alternative 
with its smaller die size. Although the operating frequency of 
the system may have to be compromised to use them. 


Conclusion 


The conductivity-modulated FET represents a progression in 
the ever-advancing state-of-the-art development that occurs 
in the world of solid-state clevices. The unique structure of 
these devices presents characteristics that make them equiv- 
alent in many ways to conve 1tional FETs but superior in other 
ways. The system designer rnust take into account these sim- 
ilar and dissimilar character stics to properly use them. The 
capabilities of the conductivily-modulated FETs allow them to 
make inroads into applications currently served by bipolar 
transistors, and in some cases conventional power FETs. As 
the devices mature through innovation and product refine- 
ment, conductivity-modulated FETs will become vital mem- 
bers of the family of solid-staie power-semiconductor devices. 
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The IGBTs - A New High Conductance 
MOS-Gated Device 


Author: J.P. Russell, A.M. Goodman, L.A. Goodman and J.M. Neilson 


Abstract 


A new MOS gate-controlled power switch with a very low on- 
resistance is described. The fabrication process is similar to 
that of an n-channel power MOSFET but employs an n’-epi- 
taxial layer grown on a p* substrate. In operation, the 
epitaxial region is conductivity modulated (by excess holes 
and electrons) thereby eliminating a major component of the 
on-resistance. For example, on-resistance values have been 
reduced by a factor of about 10 compared with those of 
conventional n-channel power MOSFETs of comparable size 
and voltage capability. 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times, and low on- 
resistance. However, the on-resistance of such devices 
increases with increasing drain-source voltage capability,!'~S) 
thereby limiting the practical value of power MOSFETs to 
applications below a few hundred volts. In this letter, we 
describe the fabrication and characteristics of a new vertical 
power MOSFET structure that provides an on-resistance 
value about 10 times smaller than that of conventional power 
MOSFETs of the same size and voltage capability. In this 
device, the conductivity of the epitaxial drain region of a 
conventional MOSFET  is_ dramatically increased 
(modulated) by injected carriers; this mechanism results in a 
significant reduction in the device on-resistance and leads to 
the acronym IGBTs (Insulated Gate Bipolar Transistor). 


This device, while similar in structure to the MOS-gated 
thyristor,!#5) is different in a fundamental way; it maintains 
gate control (doesn't latch) over a wide range of anode 
current and voltage. 6 The structure and the equivalent cir- 
cuit for the IGBTs are shown in Figure 1(a) and (b); they are 
similar to those of an MOS-gated thyristor, except for the 
presence of the shunting resistance Rg in each unit cell. The 
fabrication is like that of a standard n-channel power 
MOSFET except that the n-epitaxial Si layer is grown on a 
p* substrate instead of an n+ substrate. The heavily doped 
p* region in the center of each unit cell, combined with the 
sintered aluminum contact shorting the n* and p* regions, 
provides the shunting resistance shown in Figure 1(b). This 
has the effect of lowering the current gain of the n-p-n 
transistor (an-p-n) so that an-p-n + ap-n-p <1. Thus latching 
is prevented and gate control is maintained within a large 
operating range of anode voltage and current. !61 
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in the remainder of this note we describe the operation and 
characteristics of this device. 


Device Operation 


The IGBT is a four-layer (n-p-n-p) device with an MOS-gated 
channel connecting the two n-type regions. In the normal 
mode of operation, a positive voltage is applied to the anode 
(A) relative to the cathode (K). When the gate (G) is at zero 
potential with respect to K, 110 anode current (i,) flows for 
anode voltage V, below the breakdown level Ver . When Va 
< Ver and the gate voltage is larger than the threshold value 
Ver electrons pass into the n-region (base of the p-n-p 
transistor). These electrons lower the potential of the n- 
region, forward biasing the p* - n° (substrate-epi-layer) 
junction, thereby causing holes to be injected from the p+ 
substrate into the n’ epi-layer region. The excess electrons 
and holes modulate the conductivity of the high-resistivity n- 
region, which dramatically reduces the on-resistance of the 
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device. During normal operation, the shunting resistor (Rs) 
keeps the emitter current of the n-p-n transistor very low, 
which keeps an-p-n very low. However, for sufficiently large 
ia, Significant emitter injection may occur in the n-p-n transis- 
tor, causing an-p-n to increase; in this case the four-layer 
device may latch, accompanied by loss of control by the 
MOS gate. In this event, the device may be turned off by 
lowering i, below some “holding” value, as is typical of a 
thyristor. 


Device Characterization 


Two different lots of IGBT structures, consisting of about 10 
wafers/lot, have been successfully prepared to date. From 
these wafers, 1.5mm and 3mm square devices were 
fabricated using a standard HEXFET geometry!”] with a 
polysilicon gate electrode over an SiO» gate dielectric. 
Several hundred IGBT were mounted in standard TO-3 and 
TO-66 packages and characterized under DC and pulsed 
conditions, as described below. 


With zero gate bias, the forward characteristic of a IGBTs 
shows very low current (<1nA) up to about 390V, where it 
breaks up sharply to much larger current levels with only a 
slight increase in voltage. If the internal junction between the 
p* substrate and the n epitaxial layer had been edge- 
passivated, a similar reverse breakdown characteristic would 
be expected. The actual reverse breakdown voltage for our 
devices was about 100V because edge passivation was not 
used. 


Figure 2(a) shows the MOSFET-like transfer characteristics 
of an IGBT in the low gate-voltage region. A noteworthy fea- 
ture of the IGBT characteristic is the ~0.7V offset, from the 
origin, of the steeply rising portion of the i(v) characteristics. 
This offset is the voltage required to forward bias the p* - n” 
(substrate-epi-layer) junction, and is an integral characteris- 
tic of the present device. 


Figure 2(b) shows the i(v) characteristic of an IGBT with 
Vg = 20V, and demonstrates the low on-resistance of the 
device (~0.084Q at 20A). The on-resistance values of 
nearly all of the many IGBT fabricated to date have been 
less than 0.1Q (at 20A) for the 3mm square devices. Such 
values compare very favorably with those of conventional 
power MOS structures, as illustrated in Figure 3. Here, the 
open data points (and the upper curve) are from data 
sheet specifications of commercial power MOSFETs 
(Harris, IRC, and Motorola). The solid data points (and the 
lower curve) are those of Baliga, which he labelled “state- 
of-the-art”,!5] supplemented with some of the “best” of 
Harris’ commercial and developmental MOSFETs. Note 
that the on-resistance of the IGBT is approximately I0 
times less than that of a 400V state-of-the-art MOSFET. 
Moreover, similarly low on-resistance values should be 
obtainable from IGBT designed for higher drain-source 

voltages. This is due to the fact that the resistance of the 
modulated region is determined by the concentrations and 
mobilities of the excess carriers (as in a p-i-n diode)! 
rather than by the background doping of the layer. In 
particular, the epi-layer doping and thickness of our 
present IGBT structures were designed for 600V, but Ver 
was limited to 400V by the edge design of the device. An 


improved edge design should provide a_ blocking 
capability closer to bulk breakdown, without altering the 
on-resistance of the device. This would make the IGBTs 
on-resistance of less than 0.1Q even more attractive for 
high-voltage applications. 
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FIGURE 2B. IGBT i(v) with Vg = 20V 


Transient Response Measurement 


Switching time measurements under pulsed gate-voltage 
operation were used to characterize the transient operation 
of the device. The response of the anode current to a 
square-wave gate-voltage pulse is comprised of a rapid turn- 
on (with a typical time less than 1s) and a somewhat slower 
turn-off. We observed that the turn-off transient consists of 
an initial “fast” component, followed by a “slow” tail, as 
shown in Figure 4. 


APPLICATION 


We believe that the initial rapid decay is due to the turn-off of 
the MOS portion of the equivalent circuit, and the turn-off tail 
is due to the time required for the excess carriers in the 
epitaxial drain region to decay. In general, turn-off times in 
the range of 5us to 20us were observed, with the precise 
value depending on circuit conditions and the turn-off time of 
the gate pulse. 
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The n-p-n-p structure of the IGBTs is similar to that of a thy- 
ristor and can be forced to latch under sufficiently high drive 
conditions. We have observed latching currents in the range 
10A - 30A in 3mm square chips. The magnitude of the latch- 
ing current has been found to depend on both anode voltage 
and temperature, decreasing with increasing anode voltage 
or increasing temperature. 


More interestingly, the latching current is also strongly 
influenced by the gate voltage turn-off time. Slow gate turn- 
off (~10us) permits anode currents up to 30A without 
latching. However, rapid gate turn-off (< ips) leads to latch- 
ing at a much lower anode current level (~10A) in the same 
device. We believe that latching during rapid turn-off of the 
gate voltage is due to current being forced through the n-p-n 
transistor causing an-p-n to increase, and leading to the 
condition for latching, an-p-n + ap-n-p = 1. Slow turn-off of 
the gate voltage prevents this, since the induced channel 
turns off slowly and partially shunts the n-p-n transistor; the 
small current through this transistor keeps an-p-n sufficiently 
low to avoid latching. 
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Summary 


A new MOS-gate-controlled power device, the IGBTs, has 
been described. The device has the desirable feature of a 
very low on-resistance similar to that of a thyristor, but is 
capable of maintaining gate control of the anode current over 
a wide range of operating conditions. The low on- resistance 
is due to conductivity modulation of the n epitaxial layer 
equivalent to the extended drain in a power MOSFET, this 
carries with it the penalty of slow switching compared with 
that of a conventional power MOSFET. 
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Improved IGBTs with Fast Switching Speed 
And High-Current Capability 


Authors: A.M. Goodman, J.R. Russell, L.A. Goodman, C.J. Nuese and J.M. Neilson 


Abstract 


Conventional vertical power MOSFETs are limited at high 
voltages (>500V) by the appreciable resistance of their epi- 
taxial drain region. In a new MOS-gate controlled device 
called an IGBT, this limitation is overcome by modulating the 
conductivity of the resistive drain region, thereby reducing 
the on-resistance of the device by a factor of at least 10. 
However, the device previously described is slow in turnoff, 
having a fall time in the range 8 to 40us. The purpose of our 
present work has been to reduce the fall time significantly 
and to increase the latching current level of the IGBTs, while 
retaining its desirable features. By modification of the epitax- 
ial structure and addition of recombination centers, we have 
achieved fall times as low as 0.1p1s and latching currents as 
high as 50A, while retaining on-resistance values <0.2Q for 
a 0.09cm? chip area. The techniques used for the introduc- 
tion of recombination centers include electron, gamma-ray, 
and neutron irradiation, as well as heavy metal doping. For a 
series of IGBTs (with forward-blocking voltage capabilities of 
400-600V), the fall time can be reduced by more than one 
order of magnitude with a penalty of less than a 20% 
increase in on-resistance. 


Introduction 


Vertical MOSFETs have become increasingly important in 
discrete power device applications due primarily to their high 
input impedance, rapid switching times and low on-resis- 
tance. However, the on-resistance of such devices increases 
with increasing drain-source voltage capability,!'>] thereby 
limiting the practical value of power MOSFETs to applica- 
tions below a few hundred volts. This limitation has been 
effectively overcome by the development of a new MOS 
power device in which the conductivity of the n-type epitaxial 
drain region is greatly increased (modulated) by the injection 
of minority carriers from a p-type substrate. We have called 
this device a COMFET-an acronym for COnductivity Modu- 
lated Field Effect Transistor;!4] the device has also been 
called an IGBT or Insulated Gate Bipolar Transistor. 


The devices, as originally described, had most of the advan- 
tages of conventional power MOSFETs; in addition, they 
exhibited more than an order-of-magnitude reduction in high 


Copyright © Harris Corporation 1993 


current on-resistance values, permitting improved utilization 
of silicon chip area. However, they also had two disadvan- 
tages: 


When a IGBT is turned off, the injected minority carriers that 
remain in the epitaxial drain region decay by recombination with 
majority carriers at a rate determined by the minority-carrier life- 
time, T-. Large values of T resulted in anode-current fall time, te, 
in the range 8-40ms. [4.5] 


The maximum operating current is limited by latchup of the 
parasitic thyristor that is inherent in the device structure. 
Typical latching current levels of ||, < 10A were observed in 
0.09cm? area devices when the gate voltage was turned off 
rapidly (<1ms); for slower gate voltage turnoff (~10ms), |, 
values as high as ~30A were observed. 


The purpose of the present work has been to reduce te and 
to increase |, while retaining the desirable features of the 
device. By modifying the epitaxial structure and adding 
recombination centers to the epitaxial drain region, we have 
achieved te values as low as 100ns and |, values as high as 
50A with rapid gate voltage turnoff. 


Modified Structure 


A schematic diagram of the original IGBT structure!4] is shown 
in Figure 1(a), and the equivalent circuit is shown in Figure 
1(b); they are similar to those of an MOS-gated thyristor 
except for the presence of the shunting resistance Rs in each 
unit cell. The fabrication is like that of a standard n-channel 
power MOSFET, except that the n-epitaxial layer is grown on 
a p+ substrate instead of an n+ substrate. The heavily doped 
p+ region in the center of each unit cell, combined with the 
aluminum contact shorting the n+ and p+ regions, provides 
the shunting resistance RS. This has the effect of lowering the 
current gain of the n-p-n transistor in the equivalent circuit so 
that Qinpn + pnp <1, thereby preventing latching over a large 
operating range of anode voltage Va and anode current ig. 
However, for sufficiently large in, emitter injection in the n-p-n 
transistor will increase, accompanied by an increase in npn. 
When ainpn + apnp increases to 1, the four-layer device will 
latch; the level of i, at which this occurs is the latching current 
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level, |,. Thus, it can be seen that a structure modification that 
lowers pnp will allow a greater range of i, (and anpn) with- 
out latching; that is, a reduction in pnp corresponds to an 
increase in l,. 


The modified structure shown in Figure 1(C) differs from that in 
Figure 1(A) by the addition of a thin (~10mm) layer of n+ silicon 
in the epitaxial structure between the n- region and the p+ sub- 
strate. This n+ layer lowers the emitter injection efficiency of the 
p-n-p transistor in the equivalent circuit, and results in an 
increase in |, by a factor of 2 to 3. In addition, there is also a 
reduction in tr. 


These results are illustrated in Figure 2, in which te, is plot- 
ted versus i, for each device structure. It should be noted 
that IGBTs with the modified structure can block high voltage 
only in the forward voltage direction since the emitter junc- 
tion (p+ - n+) of the p-n-p transistor breaks down at a low 
level when the polarity of the applied voltage is reversed. 


ALUMINUM 


G POLYSILICON 


n- EPITAXIAL LAYER 


p+ (100) SUBSTRATE 


A 


FIGURE 1A. SCHEMATIC DIAGRAM OF ORIGINAL IGBTs 
STRUCTURE 


SHUNTING 
RESISTANCE 


FIGURE 1B. EQUIVALENT CIRCUIT 


ALUMINUM 


G POLYSILICON 


p- 
n- EPITAXIAL LAYER 


n+ EPITAXIAL 


p+ (100) SUBSTRATE LAYER 


A 
FIGURE 1C. SCHEMATIC DIAGRAM OF MODIFIED STRUCTURE 


MODIFIED 
__ STRUCTURE __ 


te - 90% TO 10% DECAY TIME (us) 


15 
I, - ANODE CURRENT (A) 


FIGURE 2. ANODE-CURRENT FALL TIME te VERSES ANODE 
CURRENT FOR ORIGINAL STRUCTURE AND 
MODIFIED STRUCTURE 


20 25 


Addition Of Recombination Centers 


We have used a variety of tachniques to add recombination 
centers to IGBTs; these include high energy electron, 
gamma ray, and fast neutron irradiation, as well as heavy 
metal doping. The irradizitions were carried out after 
completion of all of the higti-temperature processing steps, 
but in each case an additional heat treatment was necessary 
to stabilize the devices by annealing out gate oxide charge, 
as well as those radiation induced defects in the silicon 
(recombination centers) that would otherwise anneal out 
slowly at the device operatirg temperature.!”) Typical values 
of te of the order of ips or less were achievable using any of 
the techniques. 


AS FABRICATED 


LATCE 
I 
AFTER IRRADIATION 
AND ANNEALING 
LATCH AT 27A 


te - 90% TO 10% DECAY TIME (us) 


0 5 10) 15 20 25 
I, - ANODE CURRENT (A) 


FIGURE 3. ANODE-CURRENT FALL TIME tz VERSUS ANODE 
CURRENT FOR AN AS-FABRICATED DEVICE 
AND AFTER 14MeV NEUTRON IRRADIATION 
(10'Sn/cm?) FOLLOWED BY ANNEALING AT 
+300°C. 


An example of the variation of tF, with iA (1) as fabricated and 
(2) after irradiation with 14lMeV neutrons and annealing is 
shown in Figure 3. Here, the neutron fluence was ~10'Sn/cm2: 
this was followed by annealing at +300°C. Note that te, has 
not only been drastically reduced, but is virtually constant at 
~0.6ys; i.e., almost indepenclent of ia. 
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TOP: ANODE CURRENT, 5A/DIV 
BOTTOM: GATE VOLTAGE, 20V/DIV 
5us/DIV 


ANODE CURRENT ON 
EXPANDED TIME SCALE 
5A/DIV 


100ns/DIV 
teaLe ~ 160ns 


FIGURE 4. IGBTs ANODE CURRENT AND GATE VOLTAGE WAVEFORMS 


It is possible to lower tg, still further by appropriate irradiation 
and annealing or by heavy metal doping procedures, 
although this is not necessarily desirable for reasons that are 
discussed below. The smallest values of te, that we have 
obtained for fully stabilized IGBTs is in the range 100ns to 
200ns. This is illustrated in Figure 4. 


The reduction in minority carrier lifetime that allows faster 
switching also carries with it a penalty higher forward voltage 
drop when the device is turned on; i.e., higher on-resistance. 
Since, in the forward conduction of an IGBT, current and 
voltage are not linearly related, it is necessary to specify a 
current level at which to compare on-resistance values of 
different devices. In Figure 5 we plot the on-resistance (at i, 
= 20A) of a series of devices with 0.09cm* chip area against 
their te, values after irradiation and annealing. All tr, values 
shown were obtained at i, = 5A; for the devices with short 
switching times, tr, is virtually independent of ig. Clearly, 
there is a trade-off involved, and the optimum choice of a 
value for te, and the corresponding on-resistance value will 
depend, to some extent, on the intended application. 
However, even for the shortest switching times shown 
(100ns), the on-resistance value of 0.2Q is approximately an 
order-of-magnitude less than that of comparably sized 
n-channel MOSFETs. 


ON-RESISTANCE (Q) 


0.1 1.0 10 100 
te - FALL TIME (us) 


FIGURE 5. ON-RESISTANCE vs. ANODE-CURRENT FALL TIME 
te FOR A SERIES OF IGBTs AFTER VARIOUS IRRA- 
DIATION AND ANNEALING TREATMENTS 
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Temperature Dependence of Tr, and I, 


All of the device performance data presented thus far have 
been measured at room temperature. However, power 
devices are often operated at elevated temperatures, and it 
is important to determine how their performance varies with 
temperature. In Figure 6 the variation of te and |, for a 
device that has been irradiated and annealed is plotted ver- 
sus temperature in the range +25°C to +150°C. This behav- 
ior is typical of all of the devices we have tested; i.e., te 
increases and |, decreases with increasing temperature, 
both by a factor of between 2 and 3 in the interval +25°C to 
+150°C. 


LATCHING CURRENT I, (A) 


FALL TIME te (1s) 


TEMPERATURE (°C) 


FIGURE 6. VARIATION OF ANODE-CURRENT FALL TIME t- 
AND LATCHING CURRENT |, WITH TEMPERATURE 


Summary 


By modification of the epitaxial structure of the IGBT and the 
addition of recombination centers, we have achieved anode- 
current fall times as low as 100ns in IGBTs with latching 


currents as high as 50A for a 0.09cm? chip area. We have 
described the trade-off between on-resistance and anode- 
current fall time that may be obtained, and have 
demonstrated the variation of anode-current fall time and 
latching current with operati1g temperature. 
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Insulated-Gate Transistors Simplify AC-Motor 
Speed Control 


Authors: Marvin Smith, William Sahm and Sridhar Babu 


An IGT’s few input requirements and low On-state resistance 
simplify drive circuitry and increase power efficiency in motor- 
control applications. The voltage-controlled, MOSFET-like 
input and transfer characteristics of the insulated-gate transis- 
tor (IGT) (see EDN, September 29, 1983, pg 153 for IGT 
details) simplify power-control circuitry when compared with 
bipolar devices. Moreover, the IGT has an input capacitance 
mirroring that of a MOSFET that has only one-third the power- 
handling capability. These attributes allow you to design sim- 
ple, low-power gate-drive circuits using isolated or level-shift- 
ing techniques. What’s more, the drive circuit can control the 
IGT’s switching times to suppress EMI, reduce oscillation and 
noise, and eliminate the need for snubber networks. 


Vec © 


R3 CONTROLS torr 


FIGURE 1A. SIMPLE DRIVING AND TRANSITION-TIME 
CONTROL 


Use Optoisolation To Avoid Ground Loops 


The gate-drive techniques described in the following sections 
illustrate the economy and flexibility the IGT brings to power 
control: economy, because you can drive the device’s gate 
directly from a preceding collector, via a resistor network, for 
example; flexibility, because you can choose the drive circuit's 
impedance to yield a desired turn-off time, or you can use a 


switchable impedance that causes the IGT to act as a charge- 
controlled device requiring less than 10 nanocoulombs of 
drive charge for full turn-on. 


R, CONTROLS GATE 
SUPPLY POWER LOSS 


R> CONTROLS torr 
R, + R2 CONTROLS ton 


Take Some Driving Lessons 


Note the IGT’s straightforward drive compatibility with CMOS, 
NMOS and open-collector TTL/HTL logic circuits in the 
common-emitter configuration Figure 1A. Rg controls the turn- 
off time, and the sum of Rg and the parallel combination of R, 


FIGURE 1B. A SECOND POWER SUPPLY 


and Ry sets the turn-on time. Drive-circuit requirements, Vv 


however, are more complex in the common-collector 
configuration Figure 1B. 


In this floating-gate-supply floating-control drive scheme, R, 
controls the gate supply’s power loss, Ro governs the turn-off 
time, and the sum of R; and Ro sets the turn-on time. Figure 
1C shows another common-collector configuration employing 
a bootstrapped gate supply. In this configuration, R3 defines 
the turn-off time, while the sum of Ro and Rg controls the turn- 
on time. Note that the gate’s very low leakage allows the use 
of low-consumption bootstrap supplies using very low-value 
capacitors. Figure 1 shows two of an IGT’s strong points. In 
the common-emitter Figure 1A, TTL or MOS-logic circuits can 
drive the device directly. In the common-collector mode, you'll 
need level shifting, using either a second power supply 
Figure 1B or a bootstrapping scheme Figure 1C. 


Copyright © Harris Corporation 1993 


R 
15 < —C© 2 <asy 
R, +R, 

Rg CONTROLS torr 


R2 + R3 CONTROLS ton 
5C 


lcEO + Ices + 2lp 


FIGURE 1C. BOOTSTRAPPING SCHEME 
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In the common-collector circuits, power-switch current 
flowing through the logic circuit's ground can create 
problems. Optoisolation can solve this problem (Figure 2A.) 
Because of the high common-mode dV/dt possible in this 
configuration, you should use an optoisolator with very low 
isolation capacitance; the H11AV specs 0.5pF maximum. 


For optically isolated “relay-action” switching, it makes sense 
to replace the phototransistor optocoupler with an H11L1 
Schmitt-trigger optocoupler (Figure 2B).) For applications 
requiring extremely high isolation, you can use an optical 
fiber to provide the signal to the gate-control photodetector. 
These circuit examples use a gate-discharge resistor to con- 
trol the IGT’s turn-off time. To exploit fully the IGT’s safe 
operating area (SOA), this resistor allows time for the 
device’s minority carriers to recombine. Furthermore, the 
recombination occurs without any current crowding that 
could cause hot-spot formation or latch-up pnpn action. For 
very fast turn-off, you can use a minimal snubber network, 
which allows the safe use of lower value gate resistors and 
higher collector currents. 


Vcc a 


CONTROL 
INPUT | 7 


OFF ! 
v 4 
| lon ~|7 


FIGURE 2A. AVOID GROUND-LOOP PROBLEMS BY USING AN 
OPTOISOLATOR. THE ISOLATOR IGNORES SYS- 
TEM GROUND CURRENTS AND ALSO PROVIDES 
HIGH COMMON-MODE RANGE. 


Voc =300V oc 
43k 
1N5061 
10uF 
CONTROL 35V 
INPUT) ~ 47 [7 ~% 


FIGURE 2B. A SCHMITT-TRIGGER OPTOISOLATOR YIELDS 
“SNAP-ACTION” TRIGGERING SIMILAR TO THAT 
OF A RELAY. 


Pulse-Transformer Drive I:s Cheap And Efficient 


Photovoltaic couplers provide: yet another means of driving the 
IGT. Typically, these devices contain an array of small silicon 
photovoltaic cells, illuminated by an infrared diode through a 
transparent dielectric. The ;hotovoltaic coupler provides an 
isolated, controlled, remote dc supply without the need for 
oscillators, rectifiers or filters. What's more, you can drive it 
directly from TTL levels, thanks to its 1.2V, 20mA input 
parameters. 


Available photovoltaic couplers have an_ output-current 
capability of approximatsly 100A. Combined with 
approximately 100k922 equivalent shunt impedance and the 
IGT’s input capacitance, ths current level yields very long 
switching times. These transition times (typically ranging to 1 
msec) vary with the photovollaic coupler’s drive current and the 
IGT’s Miller-effect equivalent capacitance. 


Figure 3 illustrates a typical photovoltaic-coupler drive along 
with its transient response. In some _ applications, the 
photovoltaic element can charge a storage capacitor that’s 
subsequently switched with a phototransistor isolator. This 
isolator technique - similar to that used in bootstrap circuits 
provides rapid turn-on and tu’n-off while maintaining small size, 
good isolation and low cost. 


In common-collector applications involving high-voltage, 
reactive-load switching, capa:itive currents in the low-level logic 
circuits can flow through the isolation capacitance of the control 
element (eg, a pulse trans‘ormer, optoisolator, piezoelectric 
coupler or level-shift transisitor). These currents can cause 
undesirable effects in the logic circuitry, especially in high- 
impedance, low-signal-level (CMOS circuits. 


CONTROL 
INPUT 


OUTPUT / ae ae 
CURRENT 


0 1 2ms 


FIGURE 3. AS ANOTHER O?TICAL-DRIVE OPTION, A PHOTO- 
VOLTAIC COUPLER PROVIDES AN ISOLATED, 
REMOTE DC SIJPPIY TO THE IGT’S INPUT. ITS 
LOW 100uA OUTPUT, HOWEVER, YIELDS LONG 
IGT TURN-ON AND TURN-OFF TIMES. 


INPUT 
CURRENT 
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The solution? Use fiber-optic components Figure 4 to eliminate 
the problems completely. As an added feature, this low-cost 
technique provides physical separation between the power and 
logic circuitry, thereby eliminating the effects of radiated EMI and 
high-flux magnetic fields typically found near power-switching 
circuits. You could use this method with a bootstrap-supply 
circuit, although the fiber-optic system’s reduced transmission 
efficiency could require a gain/speed trade-off. The added bipolar 
signal transistor minimizes the potential for compromise. 


CONTROL 1N914 
INPUT 


GFOE1A1 ; 
10M (30FT) 
EMITTER QSF2000C DETECTOR 
(DISCONNECTED) (W/CONNECTORS) (CONNECTED) 


FIGURE 4. ELIMINATE EMI IN HIGH-FLUX OR NOISE ENVI- 
RONMENTS BY USING FIBER-OPTIC COMPO- 
NENTS. THESE PARTS ALSO ALLEVIATE 
PROBLEMS ARISING FROM CAPACITIVE COU- 
PLING IN ISOLATION ELEMENTS. 


Piezos Pare Prices 


A piezoelectric coupler operationally similar to a pulse-train 
drive transformer, but potentially less costly in high volume is 
a small, efficient device with isolation capability ranging to 
4kV. What’s more, unlike optocouplers, they require no 
auxiliary power supply. The piezo element is a ceramic 
component in which electrical energy is converted to 
mechanical energy, transmitted as an acoustic wave, and 
then reconverted to electrical energy at the output terminals 
Figure 5A. 


The piezo element’s maximum coupling efficiency occurs at 
its resonant frequency, so the control oscillator must operate 
at that frequency. For example, the PZT61343 piezo coupler 
in Figure 5B’s driver circuit requires a 108kHz, +1%-accurate 
astable multivibrator to maximize mechanical oscillations in 
the ceramic material. This piezo element has a 1W max 
power handling capability and a 30mA p-p max secondary 
current rating. The 555 timer shown provides compatible 
waveforms while the RC network sets the frequency. 


Isolate With Galvanic Impunity 


Do you require tried and true isolation? Then use 
transformers; the IGT’s low gate requirements simplify the 
design of independent, transformer-coupled gate-drive 
supplies. The supplies can directly drive the gate and its 
discharge resistor Figure 6, or they can simply replace the 
level-shifting supplies of Figure 2. It’s good practice to use 
pulse transformers in drive circuitry, both for IGT’s and 
MOSFETs, because these components are economical, 
rugged and highly reliable. 


ACOUSTIC WAVE 


OUTPUT 
VOLTAGE 


FIGURE 5A. YIELDING 4-kV ISOLATION, A PIEZOELECTRIC COUPLER PROVIDES TRANSFORMER-LIKE PERFORMANCE AND AN 


ISOLATED POWER SUPPLY. 


D33D21 


FIGURE 5B. THIS CIRCUIT PROVIDES THE DRIVE FOR THIS ARTICLE’S MOTOR-CONTROL CIRCUIT. 
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ON 1 


® 
CONTROL 
—_— INPUT 


OFF PULSE 


TRANSFORMER 


FIGURE 6A. PROVIDING HIGH ISOLATION AT LOW COST, PULSE 
TRANSFORMERS ARE IDEAL FOR DRIVING THE 
IGT. AT SUFFICIENTLY HIGH FREQUENCIES, C, 
CAN BE THE IGT’S GATE-EMITTER CAPACITANCE 
ALONE. 


1N914 


HE 
IGT 


~ "4N914 RC =3ySEC 


FIGURE 6B. A HIGH-FREQUENCY OSCILLATOR IN THE TRANS- 
FORMER’S PRIMARY YIELDS UNLIMITED ON-TIME 
CAPABILITY. 


In the pulse-on, pulse-off method Figure 6A, C,; stores a 
positive pulse, holding the IGT on. At moderate frequencies 
(several hundred Hertz and above), the gate-emitter 
capacitance alone can store enough energy to keep the IGT 
on; lower frequencies require an additional external capacitor. 
Use of the common-base n-p-n bipolar transistor to discharge 
the capacitance minimizes circuit loading on the capacitor. 
This action extends continuous on-time capability without 
capacitor refreshing; it also controls the gate-discharge time 
via the 1kQ emitter resistor. 


220V AC 
3 60Hz 


THREE-PHASE 
BRIDGE 


SWITCHING 
REGULATOR 


VOLTAGE 
ENABLE 


RECTIFIER 


LOW VOLTAGE 
TRANSFORMER 


POWER SUPPLY 
FOR CONTROL 


RECTIFIER CIRCUITS 


FILTER 


24V DC 


24V 


SIGNAL PATH ISOLATOR 
EG: OPTOCOUPLIER PIEZO COUPLER 


a 


ADJUST VOLTAGE 


VOLTAGE 


CONTROLLED 
OSCILATOR 


Piezoelectric Couplers Provide 4-kV Isolation 


Using a high-frequency oscillator for pulse-train drive Figure 
6B yields unlimited on-time capability. However, the scheme 
requires an oscillator that can be turned on and off by the 
control logic. A diode or zener clamp across the transform- 
er’s primary will limit leakayye-inductance flyback effects. To 
optimize transformer efficiency, make the pulses’ voltage x 
time products equal for bo'h the On and the Off pulses. In 
situations where the line vcltage generates the drive power, 
a simple relaxation oscillatcr using a programmable unijunc- 
tion transistor can derive its power directly from the line to 
provide a pulse train to the IGT gate. 


The circuit shown in Figure 7 accommodates applications 
involving lower frequencies (a few hundred Hertz and 
below). The high oscillator frequency (greater than 20kHz) 
helps keep the pulse transformer reasonably small. The volt- 
age-doubler circuitry improves the turn-on time and also pro- 
vides long on-time capability. Although this design uses only 
a 5V supply on the primary side of a standard trigger trans- 
former, it provides 15V gate-to-emitter voltage. 


1:2 
OSCILLATOR | 


0.001F 


FIGURE 7. THIS DRIVING METHOD FOR LOW-FREQUENCY 
SWITCHING PFOVIDES 15V TO THE IGT’S GATE, 
YET WORKS FFIOM A 5V SUPPLY. THE HIGH DRIVE 
VOLTAGE RESULTS IN FAST IGT TURN-ON TIME. 


VARIABLE 
DC VOLTAGE 


THREE-PHASE 
IGT 


3 
INDUCTION 
MOTOR 


TIMING 
AND DRIVE 


INVERTER 


ENABLE 
|.OWER 


CURRENT 
SENSE 
SIGNAL 


OSCILLATOR 


FIGURE 8. THIS 6-STEP 3-PHASE-MOTOR DRIVE USES THE IGT-DRIVE TECHNIQUES DESCRIBED IN THE TEXT. THE REGULA- 
TOR ADJUSTS THE OUTPUT DEVICES’ INPUT LEVELS; THE VOLTAGE-CONTRIOLLED OSCILLATOR VARIES THE 
SWITCHING FREQUENCY AND ALSO PROVIDES THE CLOCK FOR THE 3-PHASiE TIMING LOGIC. THE V/F RATIO 
STAYS CONSTANT TO MAINTAIN CONSTANT TORQUE REGARDLESS OF SPEED). 
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Polyphase motors, controlled by solid-state, adjustable-fre- 
quency ac drives, are used extensively in pumps, conveyors, 
mills, machine tools and robotics applications. The specific con- 
trol method could be either 6-step or pulse-width modulation. 
This section describes a 6-step drive that uses some of the pre- 
viously discussed drive techniques (see page 11, “Latch-Up: 
Hints, Kinks and Caveats’). 


Figure 8 defines the drive’s block diagram. A 3-phase rectifier 
converts the 220V ac to dc; the switching regulator varies the 
output voltage to the IGT inverter. At the regulator’s output, a 
large filter capacitor provides a stiff voltage supply to the 
inverter. 


The motor used in this example has a low slip characteristic 
and is therefore very efficient. You can change the motor’s 
speed by varying the inverter’s frequency. As the frequency 
increases, however, the motor’s air-gap flux diminishes, reduc- 
ing developed-torque capability. You can maintain the flux at a 
constant level (as in a dc shunt motor) if you also vary the volt- 
age so the V/F ratio remains constant. 


Fiber-Optic Drive Eliminates Interference 


In the example given, the switching regulator varies the IGT 
inverter’s output by controlling its de input; the voltage-con- 
trolled oscillator (VCO) adjusts the inverter’s switching fre- 
quency, thereby varying the output frequency. The VCO also 
drives the 3-phase logic that provides properly timed pulsed 
outputs to the piezo couplers that directly drive the IGT. 


Sensing the dc current in the negative rail and inhibiting the 
gate signal protect the IGT from overload and shoot-through 
(simultaneous conduction) conditions. If a fault continues to 
exist for an appreciable period, inhibiting the switching regu- 
lator causes the inverter to shut off. The inverter’s power-out- 
put circuit is shown in Figure 9A; the corresponding timing 
diagrams show resistive-load current waveforms that indi- 
cate the 3-phase power Figure 9B and waveforms of the out- 
put line voltage and current Figure 9C. 


INDUCTION 
MOTOR 


NOTES: 

8 Q, - Qg = D94FR4 
D, - D7 = 1N3913 
Dg - Dy3 = 1N914 
R = 4.7k, '/,W 
C; = 100uF, 400V 
L; = 40H 


FIGURE 9A. THE POWER INVERTER’S DRIVE CIRCUIT USES SIX IGTS TO DRIVE A 2-HP MOTOR. 


0 t 
Lp 

0 t 
lic 

0 t 


FIGURE 9B. THE TIMING DIAGRAM SHOWS THAT EACH IGT 
CONDUCTS FOR 165° OF EVERY 360° CYCLE; 
THE DELAY IS NECESSARY TO AVOID CROSS 
CONDUCTION. 


FIGURE 9C. THE THREE WINDINGS’ VOLTAGES AND CUR- 
RENTS ARE SHOWN. NOTE THAT ALTHOUGH 
COSTLY SNUBBER NETWORKS ARE ELIMINATED, 
FREEWHEELING DIODES ARE NEEDED; THE IGTS 
HAVE NO INTRINSIC OUTPUT DIODE. 
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In Figure 9’s circuit, it appears that IGTs Q,; through Qg will 
conduct for 180°. However, in a practical situation, it’s neces- 
sary to provide some time delay (typically 10° to 15° )during 
the positive-to-negative transition periods in the phase cur- 
rent. This delay allows the complementary IGTs to turn off 
before their opposite members turn on, thus preventing 
cross conduction and eventual destruction of the IGTs. 


Because of the time delay, the maximum conduction time is 
165° of every 360° period. Because the IGTs don’t have an 
integral diode, it’s necessary to connect an antiparallel diode 
externally to allow the freewheeling current to flow. Inductor 
L, limits the di/dt during fault conditions; freewheeling diode 
Dz clamps the IGT’s collector supply to the dc bus. 


The peak full-load line current specified by the motor manu- 
facturer determines the maximum steady-state current that 
each transistor must switch. You must convert this RMS- 
specified current to peak values to specify the proper IGT. If 
the input voltage regulator had a fixed output voltage and a 
constant frequency, each IGT would be required to supply 
the starting locked-rotor current to the motor. This current 
could be as much as 15 times the full-load running current. 


It's impractical, however, to rate an inverter based on locked- 
rotor current. You can avoid this necessity by adjusting the 
switching regulator’s output voltage and by providing a fixed 
output-current limit slightly higher than the maximum full- 
load current. This way, the current requirements during start- 
up will never exceed the current capability of an efficiently 
sized inverter. 


Fy OTO 325V 
10A 


For example, consider a 2-hp, 3-phase induction motor 
specifying V_ at 230V RMS and full-load current (|¢,) at 


6.2A RMS. For the peak current of 8.766A, you can select 


IGT type D94FR4. This device has a reverse-breakdown 
SOA (RBSOA) of 10A, 500V for a clamped inductive load at 
a junction temperature of 150°C. A 400V IGT could also do 
the job, but the 500V choice gives an additional derating 
safety margin. You must set the current limit at 9A to limit the 
in-rush current during start-up. Note that thanks to the IGT’s 
adequate RBSOA, you don’t need turn-off snubbers. 


Use 6-Step Drive For Speed-invariant Torque 


Figure 10A shows the inverter circuit configured for this 
example. Diodes D, through Dg carry the same peak current 
as the IGTs; consequently, they’re rated to handle peak cur- 


rents of at least 8.766A. However, they only conduct for a © 


short time (15° to 20° of 180°), so their average-current 
requirement is relatively small. 


External circuitry can control the IGT’s current fall time. 
Resistor R controls te; Figure 10B; there's no way to control 
te, an inherent characteristic of the selected IGT. In this 
example, a 4.7-kQ gate-to-emitter resistor provides the 
appropriate fall time. The choice of current-limiting inductor 
L,; is based on the IGT’s overload-current rating and the 
action time (the sum of the sensor’s sensing and response 
time and the IGT’s turn-off time) in fault conditions. 


SWITCHES ON” (1, 4, 5), 
(1, 3, 6), (2, 3, 6), 
(2, 3, 5), (2, 4, 5) 


FIGURE 10A. COMPONENT SELECTION IS IMPORTANT. THE IGT SELECTED CIRCUIT HANDLES 10A, 500V AT 150°C. THE ANTI- 
PARALLEL DIODES HAVE A SIMILAR CURRENT RATING. 


100 1k 


10k 


FIGURE 10B. SELECT R TO YIELD THE DESIRED TURN-OFF TIME. FINALLY, L1’S VALUE DETERMINES THE FAULT-CONDITION 


ACTION TIME. 
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You could use a set of flip flops and a multivibrator to gener- 
ate the necessary drive pulses and the corresponding 120° 
delay between the three phases in Figure 10’s circuit. A volt- 
age-controlled oscillator serves to change the inverter’s out- 
put frequency. In this circuit, IGTs Q;, Q3 and Qs require 
isolated gate drive; the drive for Q>, Qy and Qg can be 
referred to common. If you use optocouplers for isolation, 
you'll need three isolated or bootstrap power supplies (in 
addition to the 5V and 24V power supplies) to drive the IGTs. 
Another alternative is to use transformer coupling. 


2.5k 5V 


1N914 1k 
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165° Conduction Prevents Shoot-Through 


Consider, however, using Figure 11A’s novel, low-cost cir- 
cuit. It uses a piezo coupler to drive the isolated IGT. As 
noted, the coupler needs a high-frequency square wave to 
induce mechanical oscillations in its primary side. The 555 
oscillator provides the necessary 108-kHz waveform; its out- 
put is gated according to the required timing logic and then 
applied to the piezo coupler’s primary. The coupler’s rectified 
output drives the IGT’s gate; the 4.7kW gate-to-emitter resis- 
tor provides a discharge path for Cg_ during the IGT’s turn- 
off. The circuit’s logic-timing diagram is shown in Figure 11B. 
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FIGURE 11A. PROVIDING PROPERLY TIMED DRIVE TO THE IGTS, THE CIRCUIT USES PIEZO COUPLING TO THE UPPER POWER 
DEVICE. THE 3-TRANSISTOR DELAY CIRCUIT PROVIDES THE NEEDED 15° LAG TO THE LOWER IGT TO AVOID 


CROSS CONDUCTION. 
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FIGURE 11B. THE TIMING DIAGRAM SHOWS THE 555’S 108-KHz DRIVE TO THE PIEZO DEVICE AND THE LATTER’S SLOW 


RESPONSE. 
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The piezo coupler’s slow response time Figure 12A contrib- 
utes approximately 2° to the 15° to 20° turn-on/turn-off delay 
needed to avoid shoot-through in the complementary pairs. 
The corresponding collector current is shown in Figure 12B. 
C, and its associated circuitry provide the remaining delay 
as follows. 


ili we os 


FIGURE 12A. THE PIEZO COUPLER’S SLOW RESPONSE IS NOT 
A DISADVANTAGE IN THIS ARTICLE’S CIRCUIT. IN 
FACT, IT CONTRIBUTES 2° TO THE REQUIRED 15° 
TURN-ON/TURN-OFF DELAY. 


TRACE VERTICAL HORIZONTAL 
5V/DIV 200uSEC/DIV 
a aaa 5V/DIV 200nSEC/DIV 


FIGURE 12B. THE DRIVEN IGT'S COLLECTOR CURRENT IS 
SHOWN. 


TRACE VERTICAL HORIZONTAL 
3A/DIV 200unSEC/DIV 
|. sf _ | 5V/DIV 200nSEC/DIV 


When Q,'s base swings negative, C, - at this time discharged - 
tums on Qs. Once C, is charged, Qz turns off, allowing a drive 
pulse to turn the IGT on. When Qy’s base goes to ground, Q, 
turns on and discharges C,, initiating the IGT’s turn-off. Figure 
13 shows the motor current and corresponding line voltage 
under light-load Figure 12A and full-load Figure 12B conditions. 
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FIGURE 13A. MOTOR CURRENT AND VOLTAGE 
HERE, FOR LIGHT LOADS 
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FIGURE 13B. MOTOR CURRENT AND VOLTAGE AFIE SHOWN 
HERE, FOR HEAVY LOADS. 


TRACE VERTICAL 
ROW 


To complete the design of the 6-step motor drive, it’s necessary 
to consider protection circuitry for the output IGTs. The drive 
receives its power from a switching supply already containing 
provisions for protection from line over-voltage and under-volt- 
age and transient effects. However, you still have to guard the 
power switches against unwanted effects on the output lines 
and the possibility of noise or other extraneous signals causing 
gate-drive timing errors. 


HORIZONTAL 
2mSE:C/DIV 
2mSE:C/DIV 


The best protection circuit must match the characteristics of the 
power switch and the circuit’s bias conditions. The IGT is very 
rugged during turn-on and conduction, but it requires time to 
dissipate minority carriers when tuming off high currents and 
voltages. An analysis of the possible malfunction conditions 
shows that a current-sensing over current-protection circuit 
(combined with a di/dt-limiting inductor) provides the most 
complete protection. 


10-78 


Application Note 9318 


Tailor Rge’s Value To Avoid Latch-up 


To protect against turn-on into a shorted output, you must 
coordinate the response time of the sensing circuit and the 
di/dt-limiting inductance. Moreover, the sensing must be 
accurate, allow tight control, and have low losses and low 
cost. The system in Figure 14 uses such a sensor - a 2mQ 
resistor formed from 1 inch of #24 AWG copper wire with 
Kelvin contacts. The voltage across this resistor is chopped 
and ac-amplified, using the 108-kKHz gate-supply oscillator 
as a timing source. 


Low-Cost Sensor Monitors Load Current 


Amplified signals exceeding 1V p-p amplitude set a latch, 
removing gate drive from the IGTs and simultaneously turning 
off the switching regulator via the 3524 control IC. Automatic 
reset occurs after 10 msec, and it repeats if the line current 
stays below the set limit during the high-voltage supply’s turn- 
on. If the restarting line current is higher than normal, the cir- 
cuit latches off during the first reset attempt and stays off until 
the mains voltage shuts down. 


The chopped current-sensing technique proves less costly 
and performs better than Hall-effect sensing systems. Figure 
15 gives a detailed schematic of the protection circuitry. It has 
sufficient bandwidth to provide a 10usec system response 
time and features +2% reproducibility. The circuit is cost effec- 
tive, easily meets system accuracy and speed requirements, 
and operates from the system’s frequency source and power 
supply (adding only 0.5W dissipation). The dominant cost- 
determining factors are the di/dt inductor and the associated 
flyback diode (required for most protection schemes anyway). 


An overview of the protection circuit starts at the current- 
sensing resister in the high-voltage supply’s ground return 
Figure 15A. The two H11F3 bilateral analog FET optoisola- 
tors chop the voltage across the resistor at a 50% duty cycle. 
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The H11F3s’ inputs are driven by a square wave derived 
from a 2-transistor bistable multivibrator that’s clocked from 
the 108kHz 555 timer Figure 15B serving as the piezoelec- 
tric couplers drive source. 


The chopped voltage waveform, a square wave of 1mV peak 
amplitude per ampere of summed motor current, is amplified 
50 to 100 times by a 2-transistor amplifier; its peak value is 
then compared to a 1V reference via a Darlington-SCR com- 
parator. The temperature coefficients of the reference and 
comparator compensate for the copper-wire sensing resis- 
tors TCR (approximately 400 ppm/°C). Note, however, that 
you can change the TC characteristics to suit a particular 
system’s temperature requirements. 


lf the amplified signal exceeds the comparator’s reference 
level, the SCR latches on, drawing the lower IGT power 
switches’ gates Low (via the steering diodes) and turning the 
two H11AV2 optoisolators on. These isolators, featuring 
extremely low dielectric capacitance, remove the 108kHz 
signal from the piezo couplers’ inputs, thereby halting power 
flow to the upper IGTs’ gates. The isolators also supply 5V to 
the shutdown pin on the 3524 regulator Figure 15C that con- 
trols the variable high-voltage supply, thereby turning the 
inverters’ input power off. 


Providing three independent shutdown functions (lower and 
upper IGTs and high-voltage supply) yields foolproof protec- 
tion from any foreseeable failure. An RC network times the 
protection circuit's reset (an action effected by firing an ST4 
pnpn threshold switch) by using the timing capacitor to turn 
the SCR comparator off. If the load current remains above 
limit during the restart time, both the ST4 and the SCR 
remain on, preventing the reset from repeating. This action 
ensures permanent shutdown and prevents repeated power 
cycling of the power switches under shorted-load conditions. 
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FIGURE 14. THE LOWEST COST SENSOR IMAGINABLE, A PIECE OF COPPER WIRE SERVES AS THE CURRENT MONITOR IN THIS 
SYSTEM. THE CHOPPED AND AMPLIFIED VOLTAGE DROP ACROSS THE WIRE TRIGGERS A GATE-DRIVE SHUT- 


OFF CIRCUIT UNDER FAULT CONDITIONS. 
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FIGURE 15A. THIS ALL-ENCOMPASSING PROTECTION SYSTEM PROVIDES THREE INDEPENDENT SHUTDOWN FUNCTONS - 
ONE EACH FOR THE UPPER AND LOWER IGTS AND THE HIGH-VOLTAGE SUPPLY. 
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FIGURE 15B. THIS CIRCUIT PROVIDES CHOPPER DRIVE FOR THE COPPER-WIRE 
SENSOR IN FIGURE 15A. 
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FIGURE 15C. SHOWS THE HIGH-VOLT- 
AGE SHUTDOWN CIRCUIT. 
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Latch-Up: Hints, Kinks and Caveats 


The IGT is a rugged device, requiring no snubber network 
when operating within its published safe-operating-area 
(SOA) ratings. Within the SOA, the gate emitter voltage 
controls the collector current. In fact, the IGT can conduct 
three to four times the published maximum current if it’s in the 
ON state and the junction temperature is +150°C maximum. 


However, if the current exceeds the rated maximum, the IGT 
could lose gate control and latch up during turn-off attempts. 
The culprit is the parasitic SCR formed by the pnpn structure 
shown in Figure 16. In the equivalent circuit, Q; is a power 
MOSFET with a normal parasitic transistor (Q5) whose base- 
emitter junction is shunted by the low-value resistance R,. 
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FIGURE 16. THE IGT’S PARASITIC SCR IS RESPONSIBLE FOR 
THE DEVICE’S LATCH-UP CHARACTERISTICS. 


For large current overloads, the current flowing through R, 
can provoke SCR triggering. In the simplest terms, Ry repre- 
sents the equivalent of a distributed resistor network, whose 
magnitude is a function of Qo’s Vc¢. During normal IGT 
operation, a positive gate voltage (greater than the thresh- 
old) applied between Q,’s gate and source turns the FET on. 
The FET then turns on Qs (a pnp transistor with very low 
gain), causing a small portion of the total collector current to 
flow through the R, network. 


To turn the IGT off, you must reduce the gate-to-emitter 
voltage to zero. This turns Q, off, thus initiating the turn-off 
sequence within the device. Total fall time includes current- 
fall-time one (t-;,) and current-fall-time two (t-2) components. 
The turn-off is a function of the gate-emitter resistance, Q3’s 
storage time and the value of Vege prior to turn-off. Device 
characteristics fix both the delay time and the fall time. 


Forward-Bias Latch-Up 


Within the IGT’s current and junction-temperature ratings, 
current does not flow through Q» under forward-biased 
conditions. When the current far exceeds its rated value, the 
current flow through R; increases and Q3’s Vor also 
increases because of MOSFET channel saturation. Once 
Q3’s ICR; drop exceeds Qo’s Vpe(on), Qe turns on and more 
current flow bypasses the FET. 


The positive feedback thus established causes the device to 
latch in the forward-biased mode. The value of Io at which 
the IGT latches on while in forward conduction is typically 
three to four times the device’s maximum rated collector 
current. When the collector current drops below the value 
that provokes Q, turn-on, normal operation resumes if chip 
temperature is still within ratings. 


If the gate-to-emitter resistance is too low, the Q,-Q, 
parasitic SCR can cause the IGT to latch up during turn-off. 
During this period, Rg¢ determines the drain-source dV/dt of 
power MOSFET Q;. A low R, causes a rapid rise in voltage - 
this increases Qy’s Vor, increasing both R,’s value and Q,’s 
gain. 


Because of storage time, Q3’s collector current continues to 
flow at a level that’s higher than normal for the FET bias. 
During rapid turn-off, a portion of this current could flow in 
Q,'s base-emitter junction, causing Q>z to conduct. This 
process results in device latch-up; current distribution will 
probably be less uniform than in the case of forward-bias 
latch-up. 


Because the gains of Qs and Qz; increase with temperature 
and Vc., latching current - high at +25°C - decreases as a 
function of increasing junction temperature for a given gate- 
to-emitter resistance. 


How do you test an IGT’s turn-off latching characteristic? 
Consider the circuit in Figure 17. Q,’s base-current pulse 
width is set approximately 2usec greater than the IGT’s gate- 
voltage pulse width. This way, the device under test (DUT) 
can be switched through Q,; when reverse-bias latch-up 
occurs. This circuit allows you to test an IGT’s latching 
current nondestructively. 


The results? Clamped-inductive-load testing with and 
without snubbers reveals that snubbering increases current 
handling dramatically: With RGE = 1kQ, a 0.02uF snubber 
capacitor increases current capability from 6A to 10A; with 
RGE = 5kQ, a 0.09uF snubber practically doubles capacity 
(25A vs 13A). 


Conclusions? You can double the IGT’s latching current by 
increasing RGE from 1kQ to 5kQ, and double it again with a 
polarized snubber using CS < 0.1uF. The IGT is therefore 
useful in situations where the device must conduct currents 
of five to six times normal levels for short periods. 


Finally, you can also use the latching behavior to your 
advantage under fault conditions. In other words, if the 
device latches up during turn-off under normal operation, 
you could arrange it so that a suitable snubber is switched 
electronically across the IGT. 
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FIGURE 17. USE THIS LATCHING-CURRENT TESTER TO TEST IGTS NONDESTRUCTIVELY. Q,’S BASE-DRIVE PULSE: WIDTH IS 
GREATER THAN THAT OF THE IGT’S GATE DRIVE, SO THE IGT UNDER TEST IS SWITCHED THROUGH Q, WHEN RE- 
VERSE-BIAS LATCH-UP OCCURS. 
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Parallel Operation Of Insulated 


Gate Transistors 
Author: Sebald R. Korn, Consulting Applications Engineer 


In the November issue of Powertechnics, the general consid- 
erations of paralleling semiconductor switches were pre- 
sented. Some of the important factors include the 
characteristics of different types of load reactances and the 
action of the switching device during its turn-on delay, rise 
time and turn-off delay times. Different types of switching de- 
vices must be handled differently when operated in parallel. 
Power bipolar transistors, SCRs, MOSFETs and IGTs all 
have different characteristics which must be taken into con- 
sideration. The IGT transistor combines the high input 
impedance, voltage controlled turn on/turn off capabilities of 
power MOSFETs and the low on-state conduction losses of 
bipolar transistors. Like MOSFETs, the output characteris- 
tics of IGTs are generated by plotting collector-emitter cur- 
rent, collector-emitter voltage and gate voltage. Unlike the 
MOSFET, there is an offset voltage generated by the collec- 
tor-emitter junction of the npn transistor. However, once this 
offset is overcome, the effective on-resistance in the satura- 
tion region is much lower for the IGT than for the MOSFET. A 
steady state equivalent circuit is shown in Figure 1. Total 
device current equals MOSFET current (Ios) plus bipolar 


current (Ip;7) and since the MOSFET current is the base cur- 
rent of the pnp, these current components are related by the 
gain of the pnp. 


rot = 'mos + IBut 
Ibut = Beutlmos 
Vee + ImosRmop = Vos 


FIGURE 1. N-CHANNEL IGT TRANSISTOR STEADY STATE 
EQUIVALENT CIRCUIT 


To understand the unusual behavior of its temperature coef- 
ficient, negative at low current, almost zero at normal cur- 
rent, and positive at high current, we analyzed the IGT by 
treating the two branch currents comprising the conduction 
path as two separated devices. The IGT’s on-state voltage 
drop is composed of the MOSFET voltage drop plus the 
bipolar Vee drop apparently parallel by a pnp-transistor. Note 


Copyright © Harris Corporation 1993 


that the only part of the bipolar in parallel to the MOSFET 
and modulation resistance is the base-collector junction, but 
the base-emitter junction is common to both branches. 


We also know from measurements, the MOSFET’s tempera- 
ture coefficient in the epi-resistance is positive. We know fur- 
ther that as the device temperature increases, the bipolar 
transistor’s gain increases, the Vge drop decreases, which 
both tend to reduce on-voltage drop. On the other hand, the 
MOSFET and epi-resistance voltage drop will increase with 
temperature, tending to increase on-voltage voltage. 


These effects cancel and the net result is that the IGT exhib- 
its much less variation of on-voltage voltage with tempera- 
ture than either bipolars or MOSFETs. The temperature 
coefficient goes from a bipolar like negative (at low currents) 
to zero (at rated current) and to a MOSFET-like positive coef- 
ficient as current density increases (Figure 2). 


VcE(SAT) vs Ic AND Ty FOR 10A DEVICE 


CONDITIONS: GATE BIAS: 14V 
CURRENT LEVELS: PULSED, 300ys 


FORWARD VOLTAGE DROP (V) 


AMBIENT TEMPERATURE (°C) 


FIGURE 2. Vce vs Ta OF IGT, AT DIFFERENT COLLECTOR 
CURRENT 


Turn-On Switching Performance 


Like the MOSFET, the IGT gate presents a capacitive load to 
the drive circuit. The IGT capacitive elements and their typi- 
cal variation with voltage is analogous to the MOSFET, 
hence the IGT turn-on interval can be divided into three dis- 
tinct regions (refer to Figure 3). In region I, the input capaci- 
tance is charged until the gate voltage reaches the value 
needed to initiate collector current conduction. In region Il, 
turn-on is essentially completed as the collector voltage falls 
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rapidly to the 10% level. The effective capacitance increases 
dramatically in this region due to the Miller effect. In region 
Ill, the collector voltage slowly settles to its saturation level. 
At the start of Section Ill, the effective input capacitance 
remains high because as the collector voltage is driven 
below the gate voltage, the polarity of the collector gate volt- 
age reverses and Cgc increases dramatically. When the col- 
lector reaches the saturation voltage level, the gate rises to 
the gate-emitter supply level (typically 15 volts). 


VA 


Ic(t) 


RESISTIVE 


ee en 


INDUCTIVE WITH DIODE RECOVERY 


FIGURE 3. IGT TRANSISTOR TURN ON WAVEFORM 
Turn-Off Switching Performance 


The turn off interval is also composed of three regions as 
shown in Figure 4 for the case of an inductive load. Region | 
represents the discharge of the gate to the point where the 
gate voltage just sustains the collector current. 


Region Il corresponds to reversing the voltage on Cgc 
whose value is very high at this point. The gate voltage 
changes very little during this period and the collector-emit- 
ter voltage begins to rise slightly. Taken together, regions | 
and II represent a turn-off delay. Referring back to the equiv- 
alent circuit of Figure 1 when the device is fully on, the MOS- 
FET voltage prevents the base-collector junction of the pnp 
from becoming forward biased. Thus the pnp contributes no 
significant storage time delay during turn off. In region Ill, the 
collector voltage rises rapidly at a rate controlled by the 
amount of current supplied by the gate drive to reverse 
charge Cgc. 


The turn off current fall exhibits two distinct phases: an initial 
fast drop followed by a slow exponential fall. The initial fast 
drop is due to the fast cutoff of the MOSFET current. After 


the MOSFET channel cuts off, the pnp transistor undergoes 
an open base turn off. The gate drive circuit only controls the 
initial turn off delay and the slope of the MOSFET current fall 
by how fast it withdraws gate charge. The pnp exponential 
turn off tail is a characteristic of the device design. 


VA MOSFET TURN OFF —> 


——<_£_____» 
BIPOLAR' 
TURN OFI- 


FIGURE 4. IGT TRANSISTOR TURN OFF WAVEFORMS 
Device Design To Optimize Turn Off 


The bipolar current tail was the cause of the excessive 
switching times of the first-generation IGT. Turn off of the pnp 
transistor is a function of the stored base charge and the life- 
time of carriers in the base region. 


Shortening the pnp turn-off time involves decreasing the 
bipolar current component and/or reducing the carrier life- 
time. The carrier recombination rate can be reduced by 
localized techniques such as electron or proton irradiation. In 
addition to a faster decay rate, an irradiated device will have 
a power pnp gain. By decreasing the bipolar current compo- 
nent, the MOSFET current and the amount of initial drop in 
the turn-off waveform both increase, resulting in a substan- 
tially lower current level for the bipolar decay. 


Turn-Off SOA Optimization 


The dynamic equivalent circuit of the IGT includes a para- 
sitic pnp thyristor (Figure 5). When the sum of the current 
gains of the npn and pnp exceeds one, the four layer pnp 
structure latches on and gate control is lost. The npn is 
effectively shorted by the emitter metal but there is a finite 
well resistance, Pwe,,, below the surface. The npn gain is 
very low until sufficient current flows through Fw_,; to 
exceed its Vg¢ threshold. Thus, Veen) = (IweiL) (Pwe tt) 
provides a latching criteria. 


The Rwe . resistance increases with temperature due to fall- 
ing carrier mobility in the Pwe,, region. The lwe,, current is 
the pnp collector current and hence depends upon the pnp 
gain. lwe__ can be increased dramatically by displacement 
currents from high dv/dt. Increased temperature causes in- 
creased pnp gain and hence increased lwe._- The Vee(on) 
threshold will decrease with increasing temperature. 
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Clearly, high-temperature, fast turn-off of an inductive load 
represents a worse case test. Second generation IGT are 
SOA limited and not latching-current limited. They will fail 
due to operation outside the power related current at 150°C 
under the fast (Rgg¢ = 10022), inductive turn off conditions. 
This performance has been achieved by minimizing Pwe.. 
through cell design and the addition of a deep p+ diffusion 
and by utilizing the buffer layer structure to lower pnp gain. 


Cc 


Rwop 


FIGURE 5. DYNAMIC EQUIVALENT CIRCUIT OF THE IGT 
TRANSISTOR 


Results Of Paralleling IGT 


From our experience with paralleling devices like bipolars 
and MOSFETs, there seemed to be no reason why IGTs 
should not perform reasonably well. 


To perform the measurement, we used the IGT-4E10 and the 
IGT-4E11 both rated at Io = 10A at Tc = 100°C and a Vo¢ = 
500V. We also used a 20A device the IGT-6E21. 


The parameters we considered important for parallel opera- 
tion, the saturation voltage Vce(sat) which we measured at 
different current levels and a gate voltage Vere = 14V. Gate 
threshold voltage (VgtH)) Which we measured at 250A and 
1A (at that level, we can call it an input voltage versus output 
current) and transconductance (Gps). 


TABLE 1. 


Vce(sar| Vaca) TpELAY TDELAY 
10A 1A ON Tr OFF Tr 
44 2.35 5.38 4.3 |10.5 51 225 250 402 
48 2.55 5.50 3.8 | 9.5 51 236 230 381 


DEVICE 44/48 (2A/DIV 2us/DIV) 


The circuit we used consisted of HP pulse generators 222 
and 214A driving a logic gate (7402N) and the memory 
driver D50026 connected to the gate through resistors R, 
and Rp to the gate of the IGT, a Tektronix scope 7854 and 
current probes 6021 and 6302. 


Device 44 and 48 were selected as an average combination 
and deltas of the different parameters can be seen in Table 
1. Parallel operation is good, delta | = 1A at 9.5A and 10.5A 
in each device. We see clearly the FET and bipolar turn off. 


The same devices were used to increase the current to 
about 40A, checking for latching problems, which did not 
occur. 


We then changed the gate resistor from 50 to 4.7Q and 
increased case temperature to the rated 150°C. Still no 
problems became apparent. Note that the peak current was 
over four times the rated continuous current. 


The same pair was also used to switch on an inductive load 
(L = 182uH). Excellent parallel operation is achieved with 
this combination. Even 500ns resolution did not reveal any 
problems. 


The first interesting combination 14 specified Tryax = 1s 
and 15 specified teya~ax = 605s. The trade-off in switching 
speed versus Vcg,sat) Can be seen in Table 2. 


TABLE 2A. 
Vcesat)| Vacrn) TDELAY TpELay 
10A 1A ON Tr OFF Tr 
19 2.15 5.55 4.7 |10.2 58 244 277 835 
20 2.15 4.95 4.3 19.8 46 252 269 871 


psp Patel [am fe 


DEVICE 14/15 60% DIFFERENCE = Vcesat) AND LARGE 
DIFFERENCE IN SWITCHING TIME 


Excellent parallel operation is achieved with this combina- 
tion, even the 500ns resolution does not reveal any prob- 
lems. 


Device 20 having the lower Vcg(sat) and lower Very) is tak- 
ing the higher share of current. Both parameters VcE(sar) 
and V@tH) are important in the overall performance. Turn off 
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showing is excellent, but the 500ns time scale shows the 
result of the difference in the tpg, ay off, of 23ns and the dif- 
ference in device 15 and 16, are the devices having low 
VceE(saT) and long turn off times. If paralleled with the proper 
device (same type), excellent parallel operation is achieved. 


TABLE 2B. 
Vcesar)| Vcr) TDELAY TDELAY 
10A | 1A ON | Ta | OFF | Te 
14 2.29 5.75 | 4.3 | 6.0 53 264 246 750 
15 1.40 5.35 | 5.7 114.8 54 228 436 4317 


CURRENT SHARING OF DEVICE 19/20 (2A/DIV, 5ys/DIV) 


Note that 15 paralleled before with the much faster 14 show- 
ing extremely poor current sharing. 


The 38 and 48 were paralleled to show an inductive load and 
the recovery current of diode. This is a realistic waveform 
found in many applications. 


Here we paralleled two 20A IGT transistors. Also excellent 
current showing which is confirmed at the 500us/div time 
scale in. 


We paralleled the device 50 and 14 which have a relatively 
large delta 78% in fall time. 


They can be operated in parallel and share much better than 
we might expect. The large deltas in fall time are the result of 
the relatively large delta at the current tail in comparison to 
the rest of the fall time. 


TABLE 3. 
Vceisat)| Vacrn) T DELAY 
10A 1A ON Tr 
2.25 5.75 | 4.3 1 9.2 53 
2.15 4.95 | 4.3 110.4 46 


Seer 


CURRENT SHARING OF DEVICE 14/20 (2A/DIV, 5ys/DIV) 


Conclusion 


All the conventional wisdom applied in the past to parallel 
bipolar type devices and MOSFET type devices can be 
applied to parallel operation of IGT Transistors. 


1. VoeeEsat) voltage should be compared at rated current 
and should not exceed approximately 20% difference. 


2. Gate threshold voltage which we measured and com- 
pared is important, but could be replaced by Vgare Vs Ic 
at rated current. Maximum differences should not 
exceed 10-20%. 


3. Transconductance grs differences are not as critical as 
assumed and may be ignored. 


4. tpion) and rise time are important for current sharing 
when switching resistive or inductive loads with reverse 
recovery currents at turn on, but tolerances are small, 
seldom posing a problem. Check FBSOA. Noite that the 
fastest device takes most of the current. Emitter induc- 
tors can be inserted. 


5. tporr) and fall time show also small tolerances, but 
don't seem to pose a problem. Different device types 
and different manufacturers should never be paralleled. 
Note that the slowest device takes most of the current. 
Removal rate of gate voltage may become a factor. 
Emitter inductors less than 1004H show excellent 
results [3]. 


6. Circuit layout should be mechanically and electrically 
symmetrical. All lead length and differences in lead 
length become a factor (12-15nH/inch). Separate the 
gate circuit from the collector circuit (to avoid magnetic 
coupling). 
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7. Always use separate gate resistor to avoid oscillation. 
We did not see a problem of rated current but we have 
not made sufficient measurements to insure no prob- 
lems. 


8. Close thermal coupling is recommended (common 
heat-sink) resulting in only small differences in junction 
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FIGURE 6. TEST CIRCUIT TO EVALUATE PARALLEL 
OPERATION OF IGT TRANSISTOR 


The IGT’s key parameters show relatively close distribution 
making it difficult to establish exact limits for parallel opera- 
tion but following the above recommendations will give very 
good results. Additional measurements were made and in no 
instances did | exceed 2.5A. 


IGT Transistors can be paralleled with a relatively small 
amount of difficulty. Some current derating may be advis- 
able, which tends to improve current sharing. (We can see 
on the inductive switching waveform up to 6A sharing is 
almost perfect.) 


In the future, switching modules rated at 100A and 200A or 
higher having blocking voltages of 500V or 1200V are realis- 
tic possibilities. 


— 


CORRECT INCORRECT 


FIGURE 7. PROBLEM GATE CONNECTION 
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TABLE 4. RESULTS OF PARALLELING IGT TRANSISTORS 
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TRANS- 
CONDUC- 


RESISTIVE INDUCTIVE 
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NUMBER 
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250A Ges 


TO-3 LOT 14353 


i a 
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aS 
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37 1.82V 2.30 3.60V 5.50 230ns 23ns 
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1.42 1.82 2.35 3.50 5.38 st | 5 250 
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Vceisat) AT Voe = 14V GATE THRESHOLD RESISTIVE INDUCTIVE 
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3 1.34 1.79 2.13 3.70 4.7 277 
4 1.37 1.85 2.29 3.94 5.75 aid 53 246 
19 1.32 1.78 2.15 3.75 5.55 4.7 58 244 277 


1.30 252 


—_ 
> 
fo) 
S| ! 
as 
co 
fo) 
> 


(X) — IGT 6E10 


o 


0.95 1.20 4.00 


= 
A) 
a 
on 
N 


54 496 


1.21 1.42 3.95 5.30 


ae 
N 
on 
es) 


nN 
—s 
1o,) 
Ww 
—s 
oO 
aS 
ice) 
on 
- 
ié%) 
-| 
o 
m 
on 
a b 
Oo 
z 


227 515 


— 
2 
_— Ww ine) — —_ 
ro oO 
O 
— 


10-88 


Harris Semiconductor 


No. AN9320 June 1993 


> 
=. 
~ 
U0 
Le) 
= 
= 


Parallel Operation Of 
Semiconductor Switches 


Author: Sebald R. Korn, Consulting Applications Engineer 


In uninterruptable power supplies demands for current han- 
dling capability to meet load current requirements plus mar- 
gins for overload and reliability purposes often exceed the 
capability of the largest semiconductor device type consid- 
ered and paralleling may become an attractive alternative. 
All switching power semiconductors starting with SCR’s !"], 
bipolar transistors !*-4] darlingtons ©! and field effect transis- 
tors [19] have been successfully paralleled, but proper pre- 
caution had to be taken. We will review some of these 
methods, describe the characteristics of the insulated gate 
transistors, and show the proper methods to operate this rel- 
atively new family of devices in parallel. 


All semiconductor circuits using parallel connected devices 
to switch a higher load current can easily be analyzed by 
using Kirchoff’s law. As long as all voltage drops in the paral- 
lel branches are equal, the currents through the branches 
are equal. 


This sounds sensible and logical, but as soon as we con- 
sider the different stages every switching device has to 
assume and we consider the parameters of each switching 
device which guarantees equal voltage drops in the 
branches over the required temperature range and over the 
duration of the switching cycle, complications begin to 
appear. 


—<—- DYNAMIC STATIC 


DYNAMIC 


AREA STATIC AREA 
(TURN ON) ON TIME 


CONTROL SIGNAL 


At first glance, each switching device has only two functional 
states, an “off- state” and an “on-state”. But by closer exami- 
nation, we have to consider how we get from “off” to “on” and 
back to “off”, the “dynamic” area of the switching waveform 
(Figure 1). The dynamic area is only a fraction of the total 
waveform, but it is by far the most important when it comes 
to parallel operation. 


In power electronics, there are three different load types; 
resistive, capacitive, and inductive. The resulting waveforms 
are sufficiently different to require either different switching 
devices or the circuit designer may have to change the 
switching circuit to meet the different requirements, espe- 
cially when devices are operated in parallel. 


Off-State 


The off-state is probably the least demanding state in paral- 
lel operation of semiconductor devices. As long as leakage 
current is low, even differences of more than 100% would not 
create any difficulties. 


On-State 


The on-state is again a relatively uncritical and uneventful 
period (Figure 2). Most devices in switching applications are 
overdriven and differences in gain or transconductance do 
not translate into proportional output current. 


—<=—— DYNAMIC 


- STATIC 
DYNAMIC 


AREA STATIC AREA 
(TURN ON) | ON TIME 


| 


CONTROL 
SIGNAL 


CURRENT SWITCHING 


WAVEFORM 


TIME OFF 


“ON” 
TURN ON 


(RISE TIME) i 


DELAY 
(STORAGE 


TURN OFF 
(FALL TIME) 


FIGURE 1. SWITCHING WAVEFORM DEFINITIONS 
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Even if a bipolar device takes a larger share of the total current, 
the rapid fall-off in gain and the increase in Vsarz as it takes the 
higher share will prevent disaster. Thermal runaway in bipolar 
applications is not as frequent as we may believe [2-4]. 


For bipolar devices, the parameter having a clear negative 
temperature coefficient is Vge. Vceisar), on the other hand, 
can have positive or negative temperature coefficient depend- 
ing on the device type (npn or pnp) and operating point. 


The ease of paralleling of power FETs has been pointed out 
by many authors [&9!, and has been demonstrated in many 
applications, although each application requires analysis of 
both dynamic and static sharing. 


e DC CURRENT GAIN 
e SATURATION VOLTAGE 5 BIPOLAR 
¢ BASE EMITTER 

FET 


VOLTAGE 
e EMITTER RESISTORS 

¢ TRANSCONDUCTANCE 

Rps(on) 

FIGURE 2. ON TIME OF SWITCHING WAVEFORM AND 
CONTROLLING PARAMETERS 


Turn-On Delay Time 


Turn-on delay time is the time from where the control signal 
is applied, reaches 10% amplitude, to the point where the 
switched current rises to the 10% amplitude (Figure 3). 


lout 
f 2 


CURRENT / 
WAVEFORM 


CONTROLLED BY: 

e TEMPERATURE 

¢ RISE TIME OF 
CONTROL 
SIGNAL 

¢ DEVICE TYPE 


tp(on) 


CONTROL SIGNAL 
90% 


FIGURE 3. DEFINITION OF TURN-ON, DELAY TIME, tp(on) AND 
CONTROLLING PARAMETERS 


Fortunately, differences is turn-on delay are relatively small. 
Although this delay is significant in large-area SCR’s, but it is 
much less a problem with bipolars or power FET’s. It is less 
important when switching inductive loads, but should be 
monitored when devices to be paralleled switch resistive 
load, discharge capacitor or have to carry the recovery cur- 
rent of a diode. 


Needless to say, it is desirable to have small turn-on delays 
for parallel operation. To reduce deltas in tp(on), it is advis- 


able to drive devices with fast rising control signals and use | 


devices from the same mask design. The same device type 
number does not guarantee that they are made from the 
same mask design. Therefore, devices from different manu- 
facturers should not be intermixed. 


Rise Time 


Rise time is an interesting part of the switching waveform 
(Figure 4). The device operates in an analog domain, 
although for a very short time, but nevertheless, analog. 


mownmmnmang C 


GAIN 
TRANSCONDUCTANCE 
TEMPERATURE 
RISE TIME OF 
DRIVING SIGNAL 
INDUCTOR 


90% 


FIGURE 4. RISE TIME OF Loy; WAVEFORMS AND PARAMETERS 
INFLUENCING IT 


Again, transconductance and junction temperature become 
important considerations, but junction temperature differ- 
ences as a result of rise time differences are relatively small. 
Inductors inserted into the emitter lead on bipolars, source 
lead on FET’s or cathode lead on diodes, can be extremely 
effective |). All differences in turn-on delay and rise time 
become visible at thin part of the waveform. Differences 
which may exist, although small, require the evaluation of the 
forward biased safe operating area (FBSOA). 


In most cases, transistors have almost rectangular FBSOA 
for the short durations they remain in the analog domain of 
the turn-on period. Problems seldom exist, but precautions 
should not be ignored either. 


Note that the device with the shortest turn-on delay and the 
shortest rise-time will take most of the current. Most transis- 
tors have a negative temperature coefficient of input voltage 
and Miller effect feedback which can cause current begging 
if power dissipation is high during turn on. 


Turn-Off Delay Time (Storage Time) 


Turn-off delay time is the prelude to the most important part 
of the switching waveform, especially on bipolar devices 
(Figure 5). On bipolar devices, it is important to remove the 
stored charge as fast as possible, which may require more 
expensive drive circuitry. Especially on large power darling- 
tons, negative bias or baker clamps result in significant 
reduction of storage time and improve parallel operations. 
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The transition time of the base current signal from positive to 
negative (npn device) is important in the removal rate of the 
stored charge. 


2 


BIPOLAR CONTROLLED 

BY: 

e STORED CHARGE 

¢ STATE OF 
SATURATION 

¢ NEGATIVE BIAS 

¢ TEMPERATURE 


90% 


2 POWER FET g 
HOW FAST CAN 
CONTROL SIGNAL C’s BE DISCHARGED 
O-LINE 
NEGATIVE 
BIAS % 


, 2 
TRANSITION 
TIME 


FIGURE 5. TURN-OFF WAVEFORM AND PARAMETERS 
INFLUENCING IT 


Fall Time 


Parameters which reduce storage time will also reduce fall 
time (Figure 6). For paralleled devices, differences in turn-off 
delay or storage time will have a noticeable effect on fall 
time. 


When inductive loads are turned off, the reverse biased safe 
operating area (RBSOA) must be considered on bipolar 
devices. Hot spot formation |") which results in sudden 
reduction of the Veg and further increase in Ip could result in 
permanent damage. 


BIPOLAR: 

STORED CHARGE REMOVAL 
teat. | ~— RATE OF CONTROL SIGNAL 
NEGATIVE BIAS (TRANSITION 
TIME) SATURATION VOLTAGE 
TEMPERATURE. 


90% 


FET: 
Rpsion) CAPACITANCE 
OF FET DISCHARGE 
IMPEDANCE (TIME 
CONSTANT) 


FIGURE 6. FALL TIME AND INFLUENCING PARAMETERS 
The Insulated Gate Transistor 


The insulated gate transistor (IGT) combines the high input 
impedance, voltage controlled turn on/turn off capabilities of 
power MOSFETs and the low on-state conduction losses of 
bipolar transistors, making it an ideal device for many power 
electronics switching control applications. 


IGT Structure and Operation 


The basic device structure is illustrated by the unit cell cross 
section of Figure 7. Like the MOSFET, the IGT consists of 
many individual cells connected in parallel. Processing of the 
IGT is similar to the vertical D-MOS technology used in 
MOSFETs. In the steady state, the n-channel IGT may be 
modeled as a bipolar pnp driven by an n-channel MOSFET. 
The MOSFET supplies base current to the pnp thus the 
MOSFETs gate voltage controls the total current. 


C) EMITTER 
LLL LLY fy CaY/ea MLL L 4 
ja 


n+ n+ 


WELL 


P+ CHANNEL p+ 
Jt 
Rwop 
n- EPITAXIAL LAYER 
n+ BUFFER LAYER 
L p+ SUBSTRATE J2 
COLLECTOR 
UNIT CELL STRUCTURE 
c 
Ruop STEADY 
PNP STATE 


EQUIV. 
CIRCUIT 


FIGURE 7. UNIT CELL CROSS SECTION AND STEADY STATE 
EQUIVALENT CIRCUIT OF IGT TRANSISTOR. 


In normal operation, the emitter is grounded, the collector 


biased positive and with no gate-emitter voltage applied; J1 
is reverse biased. The device is in the forward blocking 
mode. When a positive voltage is applied to the gate with 


respect to the emitter, an inversion channel is formed under 


the gate and MOSFET current flows from the n+ source 
region into the n-epi-layer to become the base current for the 
pnp. Junction J2 becomes forward biased and the device 
enters the conduction state. Holes are injected from the bot- 
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tom percent region into the n-epi-layer. The injected minority 
carrier density is 100 to 1000 times higher that the doping 
level of the n-type epi-region. This conductivity modulation 
allows the IGT to operate at a forward conduction current 
density 20 times that of an equivalent MOSFET. It is prima- 
rily in the thick epi, high-voltage devices where conductivity 
modulation has its major impact to reduce on-resistance. 


The typical output characteristics and the symbol of the IGT 
are shown in Figure 8. Like on MOSFETs, the output charac- 
teristics Curves are generated by plotting collector emitter 
currents, collector emitter voltage. Unlike the MOSFET, there 
is an offset voltage generated by the collector emitter junc- 
tion of the npn-transistor. However, once this offset is over- 
come, the effective on-resistance in the saturation region is 
much lower for the IGT than for the MOSET. 


Voe = 16V 


T = +25°C 

MAX PULSE WIDTH = 300ys 
MAX DUTY CYCLE 2% 

20A, 500V DEVICE 


COLLECTOR 


COLLECTOR CURRENT (A) 


FIGURE 8. OUTPUT CHARACTERISTICS AND CIRCUIT 
SYMBOL FOR N-CHANNEL IGT TRANSISTOR 
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The HIP2030 MCT/IGBT Gate Driver Provides Isolated Control 


Signals To Switch Power Devices 
Author: J. K. Azotea 


Introduction 


Optically isolated gate drivers, that supply low level signal 
voltages to drive power switches, provide many technical 
advantages. These advantages are: high voltage isolation, 
low capacitive coupling, immunity to magnetic pickup, and 
the ability to remotely control gate drives without the effects 
of inductive lead length. The gate driver must also supply the 
required gate voltage and output current needed to slew a 
specified dv/dt across a given gate capacitance. The Harris 
HIP2030 MCT/IGBT Gate Driver, used with fiber-optic links 
or photo-couplers, provides an isolated gate drive that is 
ideal for switching MCT or IGBT devices in power circuits. 


am 


fs 
11 
aM 


U1 
HARRIS 
HIP2030 

28 LEAD PLCC 


The Harris Fiber-Optic Isolated Gate Driver (HFOIGD) is 
designed to operate reliably at high isolation voltages, dv/dt’s, 
and di/dt’s. The HIP2030 provides a dual polarity voltage 
swing of +15V while delivering peak output currents in excess 
of 6A. The HFOIGD circuitry is illustrated in Figure 1 and pro- 
vides minimum driver chip functionality with an electronic part 
count of two IC’s and seven discrete parts. The HFOIGD cir- 
cuit is described in five subcircuits: a HIP2030 MCT/IGBT 
Driver Chip, a Single Supply DC Bias, a Regulated Voltage 
Divider Reference, a Fiber-Optic Receiver, and a Local 
Energy Source Capacitance. 


POWER 
CIRCUIT 


30V COM 


FIGURE 1. FIBER-OPTIC LINK ISOLATED MCT/AGBT GATE DRIVER 
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TABLE 1. G-CHANNEL OPERATION 


CHANNEL 


COMPARATOR | COMPARATOR INPUTS | 


NOTES: 
1. Midpoint Bias Voltage = OV; High State = 2.5V; Low State = -2.5V. 


2. High and Low state voltages are measured with respect to Mid- 
point bias of R3 and R4. 


The HIP2030 MCT/IGBT Driver Chip is a medium voltage inte- 
grated circuit (MVIC) capable of driving large capacitive loads 
at high voltage slew rates (dv/dt’s). This device is optimized for 
driving 60nF of MOS capacitance at 30Vp.p in less than 200ns. 
The architecture of the HIP2030 includes four comparator input 
channels, a 5V regulator, and a high side charge pump. The 
HIP2030 provides the user with the ability to control minimum 
low time (MLT) and minimum high time (MHT) at the gate chan- 
nel output (GO) by varying two external capacitances. In addi- 
tion, the device contains two uncommitted comparator 
channels (A and B) that can be used as monitors (temperature 
sensing), indicators (LED’s or opto-couplers), input signal con- 
ditioning (both contain Schmitt triggers), or oscillators. A func- 
tional block diagram for the HIP2030 is illustrated in Figure 2. 


A 
Bi a 
p2 ° be 
6 
7 Fie LATCH 
8 LOGIC 
9 
R 40 ee UP P 


TABLE 2. LOGIC 


INPUTS OUTPUTS 


LS = Last State 
U = Undefined 


The HFOIGD, illustrated in Figure 1, is a dual polarity gate 
driver configured for G-Channel Operation (GCO). In GCO 
mode, the inputs of L and R channels are initialized to disable 
internal latch logic; which allows the G channel output (GO) to 
switch as a function of the G channel inputs (G+ and G-). The 
input voltages required for GCO are given in Table 1. 


The driver chip can also be configured to control GO as a 
function of channel inputs L, R, and G. This mode of opera- 
tion may be used to drive GO to an “OFF state” after sensing 
“Over Current levels” in a power circuit application. Table 2 
lists the complete logic table for channels G, L, and R. 


AO 


BO 


LO 
POS 
CHARGE 19 CPA 
PUMP 17 CPB 


28 P+ 
nt 23 GO 


20 CLMP 
22 PO 
15 REG 
+ MIN | 1 MIN 
G Be - ih I) 
13 14 
MLT §_MHT 16 Ps 


FIGURE 2. HIP2030 FUNCTIONAL BLOCK DIAGRAM 
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The Single Supply DC Bias Circuit, shown in Figure 1, con- 
sists of a single external dropping resistor (R1) connected 
between pins P+ (U1 - 27) and PO (U1 - 22). When input volt- 
age (Vinx) is applied across pins P+ and P- (U1 - 16), R1 forms 
a resistive divider network with the input impedance located 
between pins PO and P- (Rypo). This allows the circuit 
designer to adjust the value of R1 to obtain a desired bias 
voltage between Pins PO and P- (Vpo). The value of Rypp can 
be calculated by evaluating the equivalent Quiescent Input 
Impedance (Rg) and 5V regulator impedance (Rp) as parallel 
resistances. The values for R1, Rag, Rr, and Rypp can be 
determined by using Equations 1, 2, 3, and 4 as shown in 
Appendix A, exercise 1.1. 


The Regulated Voltage Divider Reference is comprised of 
two resistors (R3 and R4) connected in series and are 
located across pins PO and REG. This voltage divider pro- 
vides a stable voltage reference to all of the HIP2030 com- 
parator inputs. Resistors R3 and R4 are selected equal in 
value to create a midpoint bias reference between the peak 
to peak input signal of U2. Also, the midpoint bias method 
ensures that input signals generated from U2 and midpoint 
bias reference voltages are within a safe common mode 
voltage range of the comparators. 


The Fiber-Optic Receiver consists of components U2, R2, 
and C1. U2 is a fiber-optic receiver used to translate light 
pulses to low voltage input signals. U2 is used in combina- 
tion with R2 to generate voltage levels from VPO to Vpgg. 
This signal is routed to the G- input of U2 and is used to con- 
trol the output of GO. C1 is a despiking capacitor and pre- 
vents oscillations in the output of U2. C1 also serves as a 
noise rejection component for U2 and the HIP2030 5V regu- 
lator (U1 - 15). 


The Local Energy Source Capacitances, C2 and C3, are 
needed to supply the charge required to drive large capaci- 
tance loads at high dv/dt’s. The HFOIGD circuit uses low 
cost “oversized” tantilum capacitors (C = 10uF) for C2 and 
C3. If rise times and overshoot are critical, ceramic capaci- 
tors with low ESL and ESR will improve most gate drive sig- 
nals. In a power circuit, where the gate driver is exposed to 
high dv/dt’s, the network of C2 and C3 directs noise current 
away from the HIP2030. This allows the HFOIGD circuit to 
operate well in half bridge power circuits that use a trans- 
former coupled power source. 


The HFOIGD is an excellent choice for power switching 
applications that require a high isolation voltage and a low 
capacitive coupled gate signal. Power switching circuits, that 
operate at slower dv/dt’s and require less isolation voltage, 
can use lower cost photo-coupled devices. 


The Photo-Coupler Isolated Gate Driver (HPCIGD) circuitry, 
shown in Figure 3, provides a cost effective isolated gate 
driver with an electronic part count of two IC’s and eleven 
discrete parts. 


The basic HPCIGD circuit contains five subcircuits: HIP2030 
MCT/IGBT Driver Chip, a single Supply DC bias, a regulated 
voltage divider reference, a local energy source, and a 
photo-coupled receiver. In this configuration, the input signal 
is sent through a Photo-coupler instead of a fiber-optic 
receiver. 


The Photo-Coupled Receiver subcircuit consists of U2, R5, 
C4, and R6. U2 is a photo-coupler which combines an infra- 
red emitter diode (IRED) and a high speed photo detector to 
translate light pulses to low voltage input signals. These sig- 
nals are routed to the G channel and are used to control the 
output GO. Component R85 is used to limit the DC current 
through the IRED when the input signal voltage switches to 
its most positive level. A wide range of input voltages may be 
accommodated by varying R65 to limit the IRED current to 
25mA. C4 is a speed up capacitor and is selected to match 
the forward bias capacitance of the IR diode. The last com- 
ponent, R6, is an optional part and is intended to be a termi- 
nation resistor with the value set by the user. 


The HPCIGD is an excellent choice for power switching appli- 
cations that require less than 3000VDC isolation and dv/dt’s 
less or equal to 10,000V/us. 


The Harris HIP2030 Evaluation Board (HIP2030EVAL) is a 
printed circuit board (PCB) developed to help evaluate the 
performance of the HIP2030 MCT/IGBT Driver IC in power 
switching circuits. The component layout of the HIP2030E- 
VAL circuit enables the user to conveniently populate the 
PCB for either HPCIGD or HFOIGD circuitry. In addition, the 
PCB layout has provisions for “on board prototyping” and 
special function components. This facilitates the gate drive 
circuit design and allows the user to exercise the internal 
architecture and special functions of the HIP2030. The sche- 
matic of the HIP2030EVAL is illustrated in Figure 4. 


HIP2030 Evaluation Board Application 
Information 


Initial HIP2O30EVAL Configuration 


The HIP2030EVAL is populated with HPCIGD components 
and is configured as a dual polarity gate driver. To operate the 
driver board, the user must provide a damping resistor, an iso- 
lated DC bias voltage, and a control signal to the photo-cou- 
pler subcircuit. The schematic of the HIP2O30EVAL shows the 
initial jumper and component configurations in Figure 4. 


DC Input Power 


The HIP2030EVAL is configured for 24V unregulated single 
supply DC bias operation. This bias scheme allows the 
HIP2030EVAL to operate reliably with a single isolated DC 
supply and will accept input bias voltages ranging from 24V 
to 30V. Dropping resistor R9 and an internal clamp (Vc_mp) 
are used in combination to provide a regulated 12VDC bias 
voltage for the HIP2030 logic circuitry. The DC voltage input 
connections, for this configuration, are applied to connector 
J2 between inputs P+ and P-. 


Control Signal 


HIP2030EVAL photo-coupler input can be driven with any sig- 
nal generator that can supply a control signal with a pulse 
amplitude of 5V peak and provide 25mA of diode current. The 
input signal connections for the photo-coupled subcircuit, 
shown in Figure 4, are applied to connector J3 between inputs 
(+) and (-). The input signal requirements of the HIP2030E- 
VAL are designed to be simple and allows the user to control 
the driver board with peripherals that contain either discrete 
logic or linear circuits. 
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Gate Output (GO) 


The HIP2030EVAL is configured as a dual polarity gate 
driver with the gate return referenced to PO. In this mode of 
operation, the HIP2030 generates a negative 12V or a posi- 
tive 18V output voltage when the input bias voltage equals 
30V. The GO output connections, for -12V or +18V opera- 
tion, are located at connector J1 between inputs G and GR. 


Methods of DC Bias 


The HIP2030EVAL can be biased in one of three configura- 
tions: a single supply (with a dropping resistor), a dual sup- 
ply, and a single supply with a high side charge pump. 
Single supply operation, using a dropping resistor (R9) and 
Vcomp,» uses one unregulated voltage supply which provides 
enough charging current to drive large capacitive loads at 
high frequencies. An example of this bias scheme is shown 
in Figure 4. 


Dual supply biasing (DSB) is configured by adding one resis- 
tor and connecting two isolated power supplies. Follow steps 
1 through 6 to use the DSB. 


. Apply voltage source #1 (V1) between PO and P-. 

. Apply voltage source #2 (V2) between P+ and PO. 

. Install 10Q resistor R8. 

. Remove dropping resistor (R9). 

. Adjust V1 to provide the desired negative gate drive voltage. 
. Adjust V2 to provide the desired positive gate drivevoltage. 


Oonarrtr wWhNH - 


NOTE: V1 isthe DC bias voltage for the HIP2030’s internal logic and 
must not fall below 8V at room temperature (+25°C). 


The last DC bias method requires a single low voltage sup- 
ply and utilizes a high side charge pump to provide the posi- 
tive portion of the gate drive voltage. To use this 
configuration follow steps 1 through 5. 


1. Install a 0.47pF capacitor for component C7. 

2. Jumper pins POS and PO to bias the charge pump cir- 
cuitry (JP3 is initially shorted PO). 

3. Install 10Q resistor R8. 

4. Remove dropping resistor (RQ). 

5. Provide a 12VDC bias voltage between PO and P-. 


Adjusting Gate Drive Output Polarity 


The driver board is configured for driving a generic power 
switch and references the gate drive to PO; which is approxi- 
mately half the voltage that is applied between P+ and P-. 
The HIP2030EVAL has provided the ability to adjust the gate 
drive output polarity to accommodate input voltage require- 
ments for various power switches. Configurations for sym- 
metric and asymmetric output polarities are given below: 


Symmetric Output Polarity 


Open JP2 (configures the middle of the R1/R2 voltage divider 
for the gate return reference). Add R1 and R2 (select equal 
values of R1 and R2; typical values are between 1K and 10K). 


Asymmetric Output Polarity 


Open JP2 (configures the middle of the R1/R2 voltage divider 
for the gate return reference), select R2 with this equation: 


Ro - |__VR2R1 
(VP+) —VR2 


Add R1 and R2 (typical values are between 1K and 10K). 
Jumper Settings 


Jumpers JP1, JP2, and JP3 are initially configured as shorts. 
Jumpers names and their functions are listed: 


JP1 - Connect the internal 12V clamp, located inside the 
HIP2030, across PO to P-. 


JP2 - Use PO for the gate return reference. 


JP3 - Applies DC bias voltage to charge pump circuitry. 
Minimum High and Low Time Functions 


The HIP2030 provides two special functions that are unique 
to driving MCT power devices. These functions are called 
Minimum High Time (MHT) and Minimum Low Time (MLT). 
MLT and MHT are used to ensure that input control signals, 
with gate signals <1ps in duration, turn on and off the MCT 
devices reliability. The time settings for MHT and MLT are 
set as a function of MCT “ON” and “OFF” delay times. Both 
of these time settings can be independently programmed by 
installing a capacitor between its function pin (MHT and 
MLT) and pin PO. The value of either capacitor can be 
approximated by the equation: 


C= (100A) (Delay Time) 
5V 


Monitor Channel Outputs 


Channel outputs A, B, and L are accessed on the solder side 
of the HIP2030EVAL and are located above jumpers JP3 and 
JP4. The locations for AO, BO, LO, J1, and J3 are illustrated 
in the HIP2030 printed circuit board (PCB) assembly layer 
drawing. 


On Board Prototyping Suggestions 


The driver board includes a 1” x 0.6” prototyping area that 
provides 62 mil pads at a 100 mil spacing. Pads P1 through 
P12, located at the inputs of the voltage comparators, are 
used as access points to the channel inputs and may be 
jumpered over to the prototype areas. The pads are con- 
nected to the regulated voltage divider reference with 10mil 
traces and can be disconnected to prototype various circuits. 
These traces are easily cut with the use of an “exacto-knife”. 
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Appendix A Exercises The maximum value of R1 can easily be determined in four. 
design steps: 


Exercise 1.1 


Ts 


Q: How do | calculate the value of the series dropping resis- 
tor R1, shown in Figure 1? 


A: The values for R1, Ra, Rr, and Rypo can be determined 
by using Equations 1, 2, 3, and 4. 


V 


Ro = — (EQ. 1) 
QPO 2. 
V 
fig= ee. (EQ. 2) 
loptot'vor*'Re 
3 
; 
Rypo = (EQ. 3) 
Rq RR 


Where: Vpo = Voltage between pins PO and P- (U1 - U22 
and U1 - U16) 


lgpo = Quiescent current flowing into pin PO. 


lapto = Quiescent current of the HBR-2521 fiber- 
optic receiver. 


lypR = Current flowing through R3 and Ré4 (volt- 


age divider reference). 4 


Ipp = Current flowing through pull up resistor R2 
(in “ON” or “OFF” state) 


Assume the following values: 
Vin = SO0VDC 


lapo = 2.75mA at Vpo = 15V 
lopto = SmA 
lvDR = 2.5mA 
IRP(ON) = 5mA, R2 = 1K, VR2 =5V 
Select a usable value of Vpp between 7V and 15VDC. 


Use Vpo = 15V 


. Solve for Rypo using Equations 1, 2, and 3: 


15V 


R~ = 
Q ~~ 2.75mA 


= 5.45K 


15V 
RG = = 1.20K 
R~ (5mA+2.5mA +5mA) 


1 
Rypo = ———7— = 984 


es aE, cas 
5.45K 1.20K 


. Solve for R1 using Equation 4: 


_ Rypo in ~ “po? 


(EQ. 4) 
Vpo 


R1 


_ 984(30V-15V) _ 
15V 


R1 984 


For further information refer to the HIP2030, file number 3691; the HIP2030EVAL, file number 3918; and/or User’s Guide, 


MOS Controlled Thyristor, DB307A. 
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HIP2030 Variable Duty Cycle Transformer Isolated Gate Driver 


Used In Controlling Power Devices 
Author: J. K. Azotea 


Introduction 


Transformer coupling of low level voltages to control power 
devices has three main advantages: DC isolation, secondary 
voltages step up or step down ability, and variable output 
impedance. The conventional transformer switching methods 
are limited to AC signals; since the flux, in an ungappedcore, 
needs resetting every half cycle of the pulse period to prevent 
core saturation. Also, the primary of the transformer must main- 
tain volt-second balance; meaning that the primary voltage 
times the seconds applied must equal negative primary voltage 
times the seconds applied. If the time of the reset pulse is short 
with respect to the on time pulse, for the same input voltage, a 
larger primary voltage will couple into the secondary. 


Typically, each transformer has a distributed capacitance 
(C) from it’s primary to secondary. When operating at high 
dv/dt’s, the gate drive circuit is susceptible to noise currents 
(Cdv/dt). Although noise currents can be blocked with a bi- 
filer reactance, the cost of assembly, materials, and an 
increase in circuit volume deters the use of transformers in 
high voltage series device designs. 


The object of this circuit design is to produce a low cost 
transformer-isolated gate drive, for power devices, which 
operates at both wide bandwidths of frequencies and vari- 
able duty cycles. This circuit must provide: DC isolation, 
reject Cdv/dt noise currents at high dv/dt’s, require low input 
power, reduce ferrite core and circuit volume, and be suit- 
able for mass production. 


The Transformer-lsolated Variable Duty Cycle Gate Driver 
(TIVDGD) is a transformer isolated gate driver and is used to 
control power devices at variable duty cycles and frequen- 
cies. The TIVDGD shares all of the positive attributes of the 
conventional transformer coupling methods, but is designed 
to operate at variable duty cycles and a wide bandwidth of 
frequency. In particular, the small amount of volt-seconds 
required at the primary of the TIVDGD transformer allows a 
reduction in the following ferrite core parameters: maximum 
flux density (B), area of the core Acm2, and number of turns 
to support volt-seconds (N). The reduction in these parame- 
ters result in lower manufacturing cost in wire material, 
assembly time and B of core materials. Also, the total vol- 
ume of the transformer can be reduced; making the TIVDGD 
a cost effective choice for compact power circuit designs. 
Distributed capacitance between the primary and secondary 
of the TIVDGD transformer is extremely low; which limits the 
magnitude of noise currents at high dv/dt’s. In addition, low 
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cost resistors are used to block all frequencies of Cdv/dt 
noise current and reduce the transformers input drive cur- 
rent requirements to 15mA at a primary voltage of 15V. 


The TIVDGD circuitry is described in two circuit configura- 
tions: discrete ICs and using a single HIP2030 gate driver IC 
(using the HIP2030’s internal comparators, latches, and 
power output MOSFETs). 


Description 


The TIVDGD circuitry is shown in Figure 1. It consists prima- 
rily of an isolation transformer, low power CMOS Operation 
Amplifier (OPAMP), Set/Reset Flip-Flop (RS Flip-Flop), MOS- 
FETs, Resistors, and Capacitors. The circuit operation of the 
TIVDGD is described with four subsections: RL differentiator, 
polarity and level detector, latch and reset, and buffer stage. 


The RL Differentiator consists of resistors R1, R2, and the 
primary inductance (L1) of voltage transformer T1. When a 
positive square wave (Vs) is applied to the input of R1 and 
R2, a differentiated voltage (Vppiy) appears at the primary 
of T1 and is defined with Equation 1. This Vppiny signal is 
coupled into the secondary windings (Vs) of T1 and is seen 
as a positive differentiated voltage at the input of IC1 (polar- 
ity and voltage level detector). If a negative square wave 
(-Vs) applied, the polarity of the voltage signal is reversed 
and is defined with Equation 2. Both positive and negative 
RL differentiated pulses are shown on Ch2 in Figure 3. The 
primary current (Ipaiy) of T1 is limited by Equation 3 which | 
allows us to lower the power of our transformer drive 
requirements, prevent core saturation, and attenuate all fre- 
quencies of Cdv/dt current. 
v soa 


PRIM = Ve(e= (EQ. 1) 


-VeRIM = Vel a 


VsTEP (EQ. 3) 


PRIM = AT +R2 


The Voltage Polarity and Level Detector consists of R3, R4, 
R5, R6, C1, C2, and 1C1 (CMOS OPAMP). The resistors R3, 
R4, R5, and R6 set the positive and negative voltage thresh- 
olds for IC1 and provides a referencing point for the second- 
ary finish winding of T1. In Figure 1, R4 and R5 are biased 
for a +5V threshold and initializes the inputs of IC2 to a logi- 
cal 0 state. Components C2 and C3 are used to prevent 
Cdv/dt noise currents from instantaneously changing the 
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threshold voltages. This subcircuit uses a voltage compara- 
tor (1C1) to detect the polarity and amplitude of differentiated 
pulses generated by T1 secondary. If a positive input signal 
exceeds the positive threshold voltage at the input of IC1, a 
two-bit binary word is generated at the output of IC2 that 
sets the Q output of IC2; which drives the noninverting buffer 
MCTDRV2 output to a high state voltage (10V across the 
DUT). If a negative input signal exceeds the negative thresh- 
old voltage at the input of |C1, a two bit binary word is gener- 
ated at the output of IC2 that resets the Q output of IC2; 
which drives the noninverting buffer output to a low state 
voltage (-10V across the DUT). 


The Latch and Reset subcircuit, shown in Figure 1, consists 
of IC2 (CMOS Flip-Flop), R7, and C4. IC2 is used as a 1-bit 
memory and allows the TIVDGD to operate at low frequen- 
cies and wide bandwidths (Fryyax - Fin). The upper and 
lower ranges of operating frequencies of the TIVDGD are 
shown in Equation 4 and Equation 5. Components R7 and 
C4 initializes the output pin of (IC2-Q) to a low state voltage; 
which drives the noninverting buffer output to a low state 
voltage (-10V across the DUT). To drive a N-type device into 
an on state, latching pin (IC2-Q) must be set to a high state 
voltage. To drive a N-type device into an off state, latching 
pin (IC2-Q) must be set to a low state voltage. A logic table 
to latch and rest IC2 is shown in Table 1. 
: _ 0.1(R1+R2) 
MAX ~— L1 
oc( FMIN | 


TABLE 1. IC2 LOGIC TABLE 


RESET 


The Buffer Stage, shown in Figure 1, consists of C5, C6, 
NFET, and PFET. C5 and C6 provide a local source of energy 
and deliver the peak current to slew voltage across the DUT 
gate capacitance. Since standard 4000 B-series CMOS chips 
are unable to provide sufficient current to drive the DUT 
capacitance, the noninverting buffer stage must be used. 


In Figure 2, the TIVDGD is configured with the MCT Gate Driver 
Il (MCTDRV2) and eleven discrete parts. The MCTDRV2 
reduces IC and resistor count and has a rugged output buffer 
stage that supplies peak output currents of 6A or greater with- 
out the fear of shoot through current in the output stage. The 
MCTDRV2 contains the hardware logic features needed in 
the TIVDGD design; both circuits Figure 1 and Figure 2 con- 
tain comparators, an RS Flip-Flop, and Power Up reset. 


In Figure 3, the variable duty cycle Vs signal (Ch2) crosses 
the +thresholds of the MCTDRV2 (L+) and (R-) inputs; which 
forces the gate output pin GO to +12V across the DUT gate 
capacitance (Ch1). Figure 4 shows a close up of Vprin 
(Ch2) and the L/R time constants that limit the maximum fre- 
quency of operation. Please note that in Figure 4 (Ch2), the 
threshold voltage was reached at the time L/R and is a 60ns 
delay time. Figure 4 (Ch1) shows a fast input signal Vstep 
applied to the inputs of R1 and R2. Figure 5 shows the input 


to output delay times of the MCTDRV2. Variable duty cycle 
input voltage on Ch1 starts 240ns before the MCT output 
voltage changes from -10V to +10V. The current supplied 
from the buffer in this transition is shown in Equation 6. Fig- 
ure 6 shows a delay time near 200ns, switching from +10V, 
with the buffer sinking 3.6A. 


| = 15ni{ sev = 3A 


80 (EQ. 6) 


Reduction To Practice 


We have established the following TIVDGD circuit concepts: 


¢ We have demonstrated, in Figure 3, that a variable duty 
cycle input voltage (Ch1) can be coupled through a trans- 
former and can generate a differentiated secondary volt- 
age (Vs) that is uniform in amplitude and is independent of 
“volt-second balance.” 


¢ We have shown in Figure 5 and Figure 6, that a variable duty 
cycle input voltage (Ch1) controls the output of the MCTDRV2 
(Ch2) while using all the required TIVDGD logic in the 
MCTDRV2. 


Finally we have demonstrated in Figure 4 (Ch2) that the 
transformer core, used in the TIVDGD circuit, needs to 
support a very low amount of volt-seconds with respect to 
the actual on or off voltages delivered to the gate drive. 
Equation 7 suggests that the product of volts times sec- 
onds is proportional to Equation 8 and that a significant 
reduction in one or all of these variables, especially at low 
frequency operation, is inevitable. 


Vs = BANx10~ (EQ. 7) 

Where: 

Vs = Volt-Seconds, B = Flux Density, 

A = Effective Core Area, N = Number of Turns 

BANx 10° (EQ. 8) 
Application Areas 


The TIVDGD has many positive circuit attributes that allow 
for a wide array of applications in commercial gate drives for 
power devices. Some application areas of the TIVDGD cir- 
Cuitry are: 


¢ Series Operation of Power Devices 
e Inverters 


The input circuitry in Figure 1 (R1, R2, T1) rejects Cdv/dt 
noise current that is usually a problem in series operation of 
power devices. When switching a string of series power 
devices, winding multiple secondaries on a pulse trans- 
former is a good way to ensure that all series power devices 
are gated on at the same time. 


DC isolated transformer designs with one primary input and 
four secondary outputs have the ability to drive power invert- 
ers. A transformer-isolated gate drive configuration, for a 
single-phase bridge inverter, is made with one primary input 
and four secondary outputs. Devices in the first half bridge 
will be driven with the secondary start windings. The second 
half bridge will be driven with the secondary finish windings. 
This allows the secondary outputs of the transformer to con- 
trol each half bridge of the inverter with a common primary 
input voltage. 
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FIGURE 1. THE TIVDGD CIRCUITRY CONSISTS PRIMARILY OF AN ISOLATION TRANSFORMER, LOW POWER CMOS OPERA- 
TIONAL AMPLIFIER (OPAMP), SET/RESET FLIP-FLOP (RS FLIP-FLOP), MOSFETS, RESISTORS, AND CAPACITORS. 


P+ 


peel: 


3C8 FERRITE 


FIGURE 2. THE TIVDGD IS CONFIGURED WITH THE HIP2030 GATE DRIVER, 9 RESISTORS, 4 CAPACITORS, 3 DIODES AND A 
SMALL CORE POT TRANSFORMER. THE HIP2030 REDUCES IC AND RESISTOR COUNT AND HAS A RUGGED OUT- 
PUT BUFFER STAGE THAT SUPPLIES PEAK OUTPUT CURRENTS OF 6A OR GREATER WITHOUT THE FEAR OF 
SHOOT THROUGH CURRENT IN THE OUTPUT STAGE. 
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Typical Performance Curves 


CH1 - 5V/DIV 
CH2 - 2V/DIV 
5us/DIV 
erg ev eS ee rr 


{yy ey tf 
vow SET NIN 
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CH1GND 


FIGURE 3. CH1 IS THE VARIABLE DUTY CYCLE INPUT VOLTAGE (VS) CH2 IS THE VOLTAGE AT L- AND R+ INPUTS OF THE 
HIP2030 


CH1 - 5V/DIV 
CH2 - 2V/DIV 
5us/DIV 


CH2GND 


CH1GND 


FIGURE 4. CH2 SHOWS THE LOW AMOUNT OF VOLT-SECONDS THAT THE TRANSFORMER CORE (T1) NEEDS TO SUPPORT. 
CH1 DISPLAYS THE VOLT-SECONDS DELIVERED TO THE GATE DRIVER INPUTS. 
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RELIABILITY 


Quality and Reliability Assurance 


The ability to build and maintain the high levels of qual- 
ity and reliability today, depends on inherent design and 
process capability, and not the degree of test and inspection. 
Both the design and production facilities for Power MOS- 
FETs are totally new, with state-of-the-art equipment and 
process techniques which deliver this needed capability. 


In-Process Quality Control 


All critical phases of the highly automated power MOSFET 
manufacturing cycle have been characterized with respect to 
their intrinsic variability. Statistical limits have been estab- 
lished to give warning of abnormal process trends and fluc- 
tuations, based on this intrinsic capability. These limits are 
constantly tightened as the process improves and are well 
within the engineering specifications. The emphasis at 
Harris is to employ statistical methods at the point of control, 
rather than an inspection point at the end of a process. 


Control of Outgoing Product 


The quality control lot acceptance sampling of finished prod- 
uct is performed after manufacturing has performed 100% 
inspection of all specified electrical characteristics. The cur- 
rent sampling level is 0.1% AQL for electrical parameters, 
and is constantly being improved. However, due to tight 
parameter distributions gained through process control and 
inherent design capability, the average outgoing quality level 
(AOQ) to the customer has been in the order of 100 PPM 
(0.01%). 


Reliability Assurance 


Harris Semiconductor has a world-wide reliability program 
that helps to shape the direction of new product develop- 
ment, assures that the reliability level is maintained through- 
out the production cycle, and develops specific models to 
predict the reliability in the end-use application. In order to 
meet these objectives, a reliability facility is maintained at 
each manufacturing location for real-time feedback. A cen- 
tralized reliability engineering organization develops all new 
test methods and supports new product/process develop- 
ment. Each group is fully trained in the reliability and applied 
statistics disciplines, as well as failure analysis, and are 
responsible for using these techniques to monitor and 
improve product capability. 


The Reliability Program 


The reliability-assurance program operates at all stages of 
production, using the following four-pronged approach: 


Product Design and Development 


During early development, initial product lots are character- 
ized through accelerated reliability tests which establish the 
product capability. Once the design had been fine-tuned, 


multiple production runs are initiated and samples are sub- 
jected to a full range of standardized accelerated tests. All 
lots must meet pre-established reliability standards before 
any new design or process can be released for production. 


Wafer HTRB 


Harris Semiconductor has developed a totally unique in-line 
reliability test performed at the wafer level. Samples from 
each wafer lot receive a 24-hour +150°C bias life test to 
measure passivation integrity and surface cleanliness. 


Real Time Indicators (RTI) 


RTI’s are short-duration accelerated-stress tests used to 
control the occurrence of specific failure mechanisms that 
can significantly affect product reliability. The stress levels 
are designed to induce failures, so that product-capability 
shifts can be detected and corrected. They are performed 
weekly at each manufacturing location. In this real-time 
method of determining reliability, a continuous flow of data is 
provided to indicate how well the manufacturing process is 
performing product. 


TABLE 1. TYPICAL MOSFET RTI TESTS 
TYPICAL 
TEST DURATION 
Power PD = 4.75W Plastic 10 - 15K 
Cycling Ty= 438°C - 175°C Cycles 
(approx.) 
Power PD = 4.75W TO-3 20 - 50K 
Cycling Ty = +35°C - 175°C Cycles 
(approx.) 
D-S Bias) | Tag = +150°C All 168 Hours 
Life 80% of Drain 
Source 
G-S Bias G-S=16V All 168 Hours 
Life Ta = +150°C 


Requalification Program (RQP) 


Each product is requalified every six to twelve months to the 
same matrix of tests required for the initial production 
release. This operation measures the changes in the total 
capability of each MOSFET family to meet the original reli- 
ability design objectives. Table 2 is typical of the data gener- 
ated for ROP. 
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TABLE 2. ACCELERATED POWER MOSFET TEST RELIABILITY SUMMARY 
CUM. HOURS % NON- 
PACKAGE TEST AND CONDITIONS DURATION OR CYCLES FUNCTIONAL 


Bias Life 500 Hours 300,000 
Drain-Source = 80% of rated 
Ta = +150°C 
All Bias Life 500 Hours 270,000 
Gate-Source = 16V, T, = +150°C 
Operating Life 500 Hours 230,000 
Ta = +150°C, Free Air 
TO-31 Thermal Cycling 400 Cycles 133,600 
TO-39 -65°C to +150°C 
TO-220 Thermal Shock 400 Cycles 100,000 
-65°C to +150°C 


TO-31 Power Cycling 20,000 Cycles 5,480K 0.73 
TO-39 Delta Ty = +78°C 
PD = 56W (TO-3) or 2W (TO-39) 


TO-220 Power Cycling 10,000 Cycles 1,850K 
Delta T, = +135°C, PD = 4.75W 


FAILURE RATE IN %/1000 HOURS AT 60% UCL 


TEST Ty, = +125°C T, = +90°C 


a 


NOTE: Failure rate based on Nonfunctional performance in an operating mode, extrapolated from +150°C data using 
1.0eV activation energy. 
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Handling Precautions for Insulated Gate Bipolar Transistors (IGBTs) 


Insulated Gate Bipolar Transistors are susceptible to gate-insulation damage by the electrostatic discharge of energy through the 

devices. When handling these devices, care should be exercised to assure that the static charge built in the handler’s body capac- 
itance is not discharged through the device. With proper handling and application procedures, however, IGBTs are currently being 
extensively used in production by numerous equipment manufacturers in military, industrial and consumer applications, with virtually 
no damage problems due to electrostatic discharge. IGBTs can be handled safely if the following basic precautions are taken: 


1. Prior to assembly into a circuit, all leads should be kept shorted together either by the use of metal shorting springs or by the 
insertion into conductive material such as “| ECCOSORBD LD26” or equivalent. 


2. When devices are removed by hand from their carriers, the hand being used should be grounded by any suitable means - for 
example, with a metallic wristband. 


3. Tips of soldering irons should be grounded. 
4. Devices should never be inserted into or removed from circuits with power on. 


5. Gate Voltage Rating - Never exceed the gate-voltage rating of Veen. Exceeding the rated Vee can result in permanent damage 
to the oxide layer in the gate region. 


6. Gate Termination - The gates of these devices are essentially capacitors. Circuits that leave the gate open-circuited or floating 
should be avoided. These conditions can result in turn-on of the device due to voltage buildup on the input capacitor due to leak- 
age currents or pickup. 


+ Trademark Emerson and Cumming, Inc. 
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ORDERING INFO. 


Package Outlines 


Plastic Packages 


MO-093AA 
5 LEAD JEDEC MO-093AA PLASTIC PACKAGE 


MILLIMETERS 
SYMBOL 
A 


NOTES 


OS 
[ose [one [ae a7 

[2200 | oaao [aoe [aoae [= 
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cs 


Leal 
a 
Lo 
Oe ee 
rl 


Le 
a 
a Se 
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NOTES: 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC MO-093AA outline dated 2-90. 


2. Tab outline optional within boundaries of dimensions E and Q. 
3. Lead dimension and finish uncontrolled in Ly. 

4. Lead dimension (without solder). 
5 
6 


. Add typically 0.002 inches (0.05mm) for solder coating. 


. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 


7. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


8. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


9. Controlling dimension: Inch. 
10. Revision 1 dated 1-93. 
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Plastic Packages (Continued) 


Package Outlines 


TERM. 2 


TO-218 
SINGLE LEAD JEDEC STYLE TO-218 PLASTIC PACKAGE 


Ce cee cc 
a [ores [ores [a0 | 
(A | 088 | aoe [a8 [57 
SC Bo CO 
ON BL 
[8 | eace | oe0 [ease [2082 | 
Oa BS a 
Ts A SO 
Oy 
= A CN A 
es cs 
tees [ons [86 [0 
Oo BS 
SN A 
Oa OR 
[Ror | aoe [rae [208 


NOTES: 
1. No current JEDEC outline for this package. 
2. Tab outline optional! within boundaries of dimensions E and Q. 


3. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 


4. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


5. Controlling dimension: Inch. 
6. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


‘ TO-218AC 
A 3 LEAD JEDEC TO-218AC PLASTIC PACKAGE 
ar 
ee ee 
“HO Se Se 
[eas [055 [3.45 | 


[one 
ee CL a 
Care | ors [am [a [a 
[ars | oso [vaer [wees [ 


a 
ore [ores [aoe [ae 
NOTES: 


1. These dimensions are within allowable dimensions of Rev. E of 
JEDEC TO-218AC outline dated 6-86. 


. Tab outline optional within boundaries of dimensions E and Q. 
. Lead dimension and finish uncontrolled in Lj. 

. Lead dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder coating. 


. Maximum radius of 0.050 inches (1.27mm) on all body edges and 
corners. 


7. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


8. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


9. Controlling dimension: Inch. 
10. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


TO-220AB 
3 LEAD JEDEC TO-220AB PLASTIC PACKAGE 
_ 

: emgo. [a [- ma] [wa nore | 
rae er fd 
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Tc 
OC A 
[af exeo [esto [ase [are fe 
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NOTES: 


1. These dimensions are within allowable dimensions of Rev. J of 
JEDEC TO-220AB outline dated 3-24-87. 


. Lead dimension and finish uncontrolled in Lj. 
. Lead dimension (without solder). 
. Add typically 0.002 inches (0.05mm) for solder coating. 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


. TO-220AC 
2 LEAD JEDEC TO-220AC PLASTIC PACKAGE 
>| KA, (FOR RECTIFIERS ONLY) 


SYMBOL 
A 


MILLIMETERS 


ao nores 
oe 
— 
<a 
= 
ae 
s— 
ae 
a 
a 
<a 


INCHES 


0.180 
0.052 
0.034 
0.055 
0.019 


0.170 
0.048 
0.030 
0.045 
0.014 
0.590 


TERM. 3 


0.160 
0.410 
0.030 


0.200 BSC 


0.395 


10.04 10.41 
5.08 BSC 5 


ae 
a 
ss 
a 
LL . 
ee 
a 
NOTES: 


1. These dimensions are within allowable dimensions of Rev. J of 
JEDEC TO-220AC outline dated 3-24-87. 


. Lead dimension and finish uncontrolled in L;. 

. Lead dimension (without solder). 

. Add typically 0.002 inches (0.05mm) for solder coating. 

. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 

6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 

of dimension D. 
7. Controlling dimension: Inch. 
8. Revision 2 dated 12-93. 
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Package Outlines 


Plastic Packages (Continued) 


OP 


1 


BACK VIEW 


NOTES: 
1. Lead dimension and finish uncontrolled in L;. 
2. Lead dimension (without solder). 
3. Add typically 0.002 inches (0.05mm) for solder coating. 
4 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


5. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


2 1 


BACK VIEW 


e 


NOTES: 
1. Lead dimension and finish uncontrolled in L,. 
2. Lead dimension (without solder). 
3. Add typically 0.002 inches (0.05mm) for solder coating. 
4 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


TO-247 
2 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 
(FOR RECTIFIERS ONLY) 


[INCHES | WiLLWETERS 
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6. Controlling dimension: Inch. 
7. Revision 2 dated 12-93. 


TO-247 
3 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


6. Controlling dimension: Inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


TO-247 
5 LEAD JEDEC STYLE TO-247 PLASTIC PACKAGE 


SYMBO 
A 


r 


0.180 
0.046 
0.060 


0.190 
0.051 


0.800 0.820 | 20.32 | 2082 fF - | 
0.605 0.625 | 15.37 | 1587 fo - | 
0436 BSC 
0.090 0.105 2.29 
0.640 | 15.75 16.25 fF - 
0.155 3.69 
0.144 3.51 | 365 Ff - | 
ae 

— 


@ 


| | ni by 
L | Pe 
Hl , * 
alii 5.4"3 2" 1 


e BACK VIEW Jy 


tc 


0.145 
0.138 
0.210 


1 


0.205 
0.270 


NOTES: 


1. Lead dimension and finish uncontrolled in L;. 

2. Lead dimension (without solder). 

3. Add typically 0.002 inches (0.05mm) for solder coating. 
4 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


5. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


6. Controlling dimension: Inch. 
7. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 
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TO-251 
2 LEAD JEDEC STYLE TO-251 PLASTIC PACKAGE 
(FOR RECTIFIERS ONLY) 
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CN RC 
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[0 [ e270 [oze0 [306 [738 
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NOTES: 
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1. No current JEDEC outline for this package. 

2. Solder finish uncontrolled. 

3. Dimension (without solder). 

4. Add typically 0.0006 inches (0.015mm) for solder coating. 
5 


. Position of lead to be measured 0.250 inches (6.35mm) from 
bottom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from 
bottom of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 1 dated 6-93. 
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Package Outlines 


Plastic Packages (Continued) 


TO-251AA 
E A 3 LEAD JEDEC TO-251AA PLASTIC PACKAGE 
=f. [INCHES WiLLETERS 
cee A 0.086 0.094 2.19 2.38 


Ay 0.018 
0.028 
0.033 
0.205 
0.018 
0.270 
0.250 | 0.265 

0.090 TYP 2.28 TYP 


0.180 BSC 4.57 BSC 


H, 0.045 1.14 
0.375 9.52 


1. These dimensions are within allowable dimensions of Rev. C of 
JEDEC TO-251AA outline dated 9-88. 


. Solder finish uncontrolled. 
. Dimension (without solder). 
. Add typically 0.0006 inches (0.015mm) for solder coating. 


. Position of lead to be measured 0.250 inches (6.35mm) from bot- 
tom of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bot- 
tom of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 1 dated 1-93. 
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Package Outlines 


Plastic Packages (Continued) 


A 
> Ay 
SEATING 


PLANE 


0.265 (6.7) 
0.070 (1.8) 
| 0.118 (3.0) 


BACK VIEW 


ea LL ms ee 


0.090 (2.3) 
0.090 (2.3) 


MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 


TO-252 
2 LEAD JEDEC STYLE TO-252 PLASTIC PACKAGE 
(FOR RECTIFIERS ONLY) 


SYMBOL | MIN | 
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A 0.086 
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0.46 
0.72 
0.84 
5.21 
4.83 


0.094 
A 


0.032 
0.040 
0.215 


a 
cae ce 
ae ce 
ae ce 
ae ce 
ce Re 
a 
a 
a 
a 
al 
ae 


ace 
ose 


48 
|? | 
cise 
—- 
0.250 0.265 6.35 [ = | 
[ereoass [4878807 
| 
a 
L | 
48 | 


A a 

a A 
Ss CS OB 
NOTES: 


1. No current JEDEC outline for this package. 


2. Lg and bg dimensions establish a minimum mounting surface for 
terminal 3. 


. Solder finish uncontrolled. 

Dimension (without solder). 

. Add typically 0.0006 inches (0.015mm) for solder coating. 
. Ly is the terminal length for soldering. 


. Position of lead to be measured 0.090 inches (2.28mm) from bottom 
of dimension D. 


8. Controlling dimension: Inch. 
9. Revision 2 dated 3-94. 
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Package Outlines 


Plastic Packages (Continued) 


BACK VIEW 


S| a. 


PLANE 


0.265 (6.7) 
0.070 (1.8) 
| 0.118 (3.0) 


TO-252AA 
2 LEAD JEDEC TO-252AA PLASTIC PACKAGE 


re . _ = (1.6) 


0.090 (2.3) 
0.090 (2.3) 


MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 


12-13 


4,5 


E 


4,5 


es ee 


. These dimensions are within allowable dimensions of Rev. B of 


JEDEC TO-252AA outline dated 9-88. 


2. Lg and bz dimensions establish a minimum mounting surface for 


NOOO ff W 


Oo © 


terminal 4. 


. Solder finish uncontrolled. 

. Dimension (without solder). 

. Add typically 0.0006 inches (0.015mm) for solder coating. 

. Ly is the terminal length for soldering. 

. Position of lead to be measured 0.090 inches (2.28mm) from bottom 


of dimension D. 


. Controlling dimension: Inch. 
. Revision 4 dated 4-94. 
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Plastic Packages (Continued) 


TO-252AA 
16mm TAPE AND REEL 
>| |e 22.4mm 
1.5mm 
DIA. HOLE = 2.0mm 1.75mm 
13 
v mo Te =e 
Ya) 16mm —» | | | * 


A} 330mm 50mm 


>| |< 16.4mm GENERAL INFORMATION 
1. USE "9A" SUFFIX ON PART NUMBER. 
2. 2500 PIECES PER REEL. 
3. ORDER IN MULTIPLES OF FULL REELS ONLY. 
4. MEETS EIA-481 REVISION "A" SPECIFICATIONS. 


USER DIRECTION OF FEED 


COVER TAPE 
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Package Outlines 


Plastic Packages (Continued) 


TO-262AA 
3 LEAD JEDEC TO-262AA PLASTIC PACKAGE 


) INCHES MILLIMETERS 
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NOTES: 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC TO-262AA outline dated 6-90. 


2. Lead dimension and finish uncontrolled in Lj. 
3. Lead dimension (without solder). 
4 
s 


1 2 3 
>| e >| Jy <= 
~= eC; 


. Add typically 0.0006 inches (0.015mm) for solder plating. 
. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 
6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 
7. Controlling dimension: Inch. 
8. Revision 3 dated 2-95. 
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Package Outlines 


Plastic Packages (Continued) 
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MINIMUM PAD SIZE RECOMMENDED FOR 
SURFACE-MOUNTED APPLICATIONS 


TO-263AB 
2 LEAD JEDEC TO-263AB PLASTIC PACKAGE 


NO ff W 
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NOTES 


2.54 TYP 
5.08 BSC 


0.100 TYP 


4 
4 
4 
0.200 BSC 
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. These dimensions are within allowable dimensions of Rev. C of 


JEDEC TO-263AB outline dated 2-92. 


. Lg and by dimensions established a minimum mounting surface 


for terminal 4. 


. Solder finish uncontrolled. 

. Dimension (without solder). 

. Add typically 0.0006 inches (0.015mm) for solder plating. 

. L, is the terminal length for soldering. 

. Position of lead to be measured 0.120 inches (3.05mm) from bottom 


of dimension D. 


. Controlling dimension: Inch. 
. Revision 5 dated 4-5-95. 


Package Outlines 


Plastic Packages (Continued) 


TO-263AB 
24mm TAPE AND REEL 
40mm MIN. 
ACCESS HOLE 
1.5mm 
al -~< 30.4mm 2 A HOLE 1.75mm 
on ee 
13mm 
i 

330mm == 100mm 

>| |< 24.4mm 


GENERAL INFORMATION 

1. USE "9A" SUFFIX ON PART NUMBER. 

2. 800 PIECES PER REEL. 

3. ORDER IN MULTIPLES OF FULL REELS ONLY. 

4. MEETS EIA-481 REVISION "A" SPECIFICATIONS. 


USER DIRECTION OF FEED 
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Package Outlines 


Plastic Packages (Continued) 


5 LEAD JEDEC TS-001AA PLASTIC PACKAGE 


INCHES MILLIMETERS 
SYMBOL | NOTES 
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NOTES 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC TS-001AA outline dated 8-89. 


2. Lead finish uncontrolled in zone M. 

3. Lead dimension (without solder). 

4. Add typically 0.002 inches (0.05mm) for solder coating. 
5 


. Position of lead to be measured 0.250 inches (6.35mm) from bottom 
of dimension D. 


6. Position of lead to be measured 0.100 inches (2.54mm) from bottom 
of dimension D. 


7. Controlling dimension: Inch. 
8. Revision 3 dated 12-93. 
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Package Outlines 


Plastic Packages (Continued) 


TS-001AA (ALTERNATE VERSION) 
L 5 LEAD JEDEC TS-001AA PLASTIC PACKAGE 
Ay 


INCHES MILLIMETERS 
SYMBOL 


NOTES 


— 
PAY | | 0.048 | | 0.052 | | tee | | 1.32 me 
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NOTES: 


1. These dimensions are within allowable dimensions of Rev. A of 
JEDEC TS-001AA outline dated 8-89. 


2. Lead dimension (without solder). 
3. Add typically 0.0006 inches (0.015mm) for solder plating. 


4. Position of lead to be measured 0.250 inches (6.35mm) from 
bottom of dimension D. 


5. Position of lead to be measured 0.100 inches (2.54mm) from 
bottom of dimension D. 


6. Controlling dimension: Inch. 
7. Revision 1 dated 12-20-94. 


PACKAGING AND 
ORDERING INFO. 


12-19 


HOW TO USE HARRIS AnswerFAX 


What is AnswerFAX? 


AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


i Oe 
What do | need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 
@e @ 


How does it work? 


You Call the AnswerFAX number, touch-tone your way through a series of recorded questions, enter 
the order numbers of the documents you want, and give AnswerFAX a fax number to send them to. 
You'll have the information you need in minutes. The chart on the next page shows you how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product line 
information. There are nine catalogs: 


e New Products e Digital Signal Processing (DSP) Products = * Rad Hard Products 
e Linear/Telecom Products e Discrete & Intelligent Power Products e CMOS Logic Products 
¢ Data Acquisition Products e Microprocessor Products e Application Notes 


Once they’re faxed to you, you can call back and order the publications themselves by number. 


How do | start? 
Dial 407-724-7800. That's it. 


et SEMICONDUCTOR 
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HARRIS 
ANSWERFAX 


c-E lk 


Your Map to Harris AnswerFAX 


HARRIS 


SEMICONDUCTOR 


A complete AnswerFAX catalog listing is available, 
please call 1-800-442-7747 and request document BR-057 (84 pages) 


ENTER 
YOUR CORRECT 


FAX NUMBER 
AND CONFIRM 


RE-ENTER YOUR 


DOCUMENT FAX NUMBER 


ORDER ORDER 


WELCOME TO 
AnswerFAX! 


GET HELP 


CATALOG 


NEW PRODUCTS 


LINEAR AND TELECOM 
PRODUCTS 


DATA ACQUISITION 
PRODUCTS 


DIGITAL SIGNAL 
PROCESSING 


DISCRETE AND 


(ORDER 


INTELLIGENT 
UP TO 
POWER PRODUCTS THREE 
MICROPROCESSOR CATALOGS) 


PRODUCTS 


RADIATION HARDENED 


ENTERS 'S PRODUCTS 


CMOS LOGIC 
PRODUCTS 


ENTERS “&” DONE 


ORDER 
SOMETHING 
ELSE 


BLANK SPACE APPLICATION 


NOTES 


BACK-UP ONE 
CHARACTER 


CHOOSE A CATALOG 


HELP 


FAX IDENTIFIER 


VOICE 
YOUR OR PHONE 


NUMBER 


ENTER YOUR NAME 


[o | GET HELP 


SEE QUICK 
REFERENCE GUIDE 
FOR SPECIAL 
CHARACTERS 
AT LEFT 
OF PAGE 


DONE 


CONFIRM 


ENTER 
YOUR 
VOICE 
PHONE 
NUMBER 


TRY AGAIN 


MeARRIS Harris AnswerFAX Data Book Request Form - Document #199 
SEMICONDUCTOR Data Books Available Now 


PUB. 
NUMBER DATA BOOK/DESCRIPTION 


| {7004 Complete Set of Commercial Harris Data Books 


| | 7005 Complete Set of Commercial and Military Harris Data Books 


[ DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power 


MOSFETs (the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic- 
DB316 


level power MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened 
power MOSFETs. 
POWER MOSFET DATABOOK SUPPLEMENT (1996: 380pp) This databook contains the datasheets of recently introduced 
products and also updates some of the datasheets in the POWER MOSFET DATABOOK DB223B. These datasheets 
contain the detailed specification for these products. 
RADIATION HARDENED (1993: 2,232pp) Harris technologies used include dielectric isolation (Dl), Silicon-on-Sapphire 
(SOS), and Silicon-on-Insulator (SOl). The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS/ 
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog 
switches, gate arrays, standard cells and custom devices. 
CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harris 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data books 
under the Harris, GE, RCA or Intersil names. 
DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive 
approximation, flash); D/A converters, switches, multiplexers, and other products. 

DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, 
signal synthesizers, multipliers, special function devices (Such as address sequencers, binary correlators, histogrammer). 
MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on 
CMOS microprocessors, peripherals, data communications, and memory ICs. 
INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications, 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and 
high reliability program. 

MCTAGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes Databook represents the full line of these products made by 
Harris Semiconductor Discrete Power Products for commercial applications. 

SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris 
Semiconductor Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for 
commercial applications. 


CROSS-REFERENCE GUIDE (1996: 554pp) This guide contains the listing of semiconductor products that are second- 
sourced by Harris Semiconductor. 

TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. 
Also, general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and 
Principles,” “Suppression - Automotive Transients.” 
LINEAR AND TELECOM ICs (1993: 1,312pp) Product specifications for: op amps, comparators, S/H amps, differential 
amps, arrays, special analog circuits, telecom ICs, and power processing circuits. 

ANALOG MILITARY (1989: 1,264pp) This data book describes Harris' military line of Linear, Data Acquisition, and 
Telecommunications circuits. 

ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined with 
the 1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris 
Semiconductor Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and 
supersedes all previously published Linear and Data Acquisition Military data books. For applications requiring Radiation 
Hardened products, please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 
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B260.2 


B301B 


B302B 


B303 


B304.1 


oO 


B309.1 


DB314 


O 


B315 


B450.4 


0 


B500B 


Analog 
Military 
DB312 


PSG201.23 | PRODUCT SELECTION GUIDE (1996: 834pp) Key product information on all Harris Semiconductor devices. Sectioned 
(Linear, Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It 
covers Harris’ High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS 


Hi-Rel/Military and Rad Hard) for easy use and includes cross references and alphanumeric part number index. 
$G103 
Logic CD4000B Series. 


CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
| | BR-057.2 | AnswerFAX CATALOG (Spring 1996: 104pp) A Complete AnswerFAX Catalog listing. 
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ANSWERFAX 


HARRI AnswerFAX Technical Support 
tt HARRIS MCT/IGBT/Diodes 


APPLICATION NOTE LISTING 


TITLE 


97254 Switching Waveforms Of The L2FET: A 5 Volt Gate-Drive Power MOSFET 
a 


99408 AN9408 The HIP2030 MCT/IGBT Gate Driver Provides Isolated Control 
Signals To Switch Power Devices 

99414 AN9414 HIP2030 Variable Duty Cycle Transformer Isolated Gate Driver : 
Used In Controlling Power Devices | 


For more information, see the AnswerFAX map on page 13-2 and choose catalog item #5, “Discrete and Intelligent Power Products”. 


AnswerFAX 
DOCUMENT 
NUMBER 


APPLICATION 
NOTE 


AnswerFAX Gives You the Information MH HARRIS 
You Need. On Your Own Fax. SEMICONDUCTOR 


¢ Data Sheets ¢ Application Notes 


¢ New Products ¢ Technical Briefs 


AnswerFAX provides a full library of information on 
Harris products at your fingertips 24 hours a day. 
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ALABAMA 


Harris Semiconductor 
600 Boulevard South 
Suite 103 

Huntsville, AL 35802 
TEL: (205) 883-2791 
FAX: 205 883 2861 


Giesting & Associates 
Suite 15 

4835 University Square 
Huntsville, AL 35816 
TEL: (205) 830-4554 
FAX: 205 830 4699 


Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Wyle Electronics 
Huntsville 
TEL: (205) 830-1119 


Zeus, An Arrow Company 
Huntsville 


TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ARIZONA 


Compass Mktg. & Sales, Inc. 
11801 N. Tatum Blvd. #101 
Phoenix, AZ 85028 

TEL: (602) 996-0635 

FAX: 602 996 0586 


2480 W. Ruthrauff, Suite #140 
Tucson, AZ 85705 

TEL: (520) 292-0222 

FAX: 520 292 1008 


Alliance Electronics, Inc. 
Scottsdale 
TEL: (602) 483-9400 


Arrow/Schweber 
Tempe 
TEL: (602) 431-0030 


Hamilton Hallmark 
Phoenix 
TEL: (602) 437-1200 


Wyle Electronics 


Phoenix 
TEL: (602) 804-7000 


Zeus, An Arrow Company 
Tempe 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


CALIFORNIA 
Harris Semiconductor 
1503 So. Coast Drive 
Suite 320 
Costa Mesa, CA 92626 
TEL: (714) 433-0600 
FAX: 714 433 0682 


Harris Semiconductor 
3031 Tisch Way 

1 Plaza South 

San Jose, CA 95128 
TEL: (408) 985-7322 
FAX: 408 985 7455 


CK Associates 

8333 Clairemont Mesa Bivd. 
Suite 102 

San Diego, CA 92111 

TEL: (619) 279-0420 

FAX: 619 279 7650 


Ewing Foley, Inc. 
185 Linden Avenue 
Auburn, CA 95603 
TEL: (916) 885-6591 
FAX: 916 885 6594 


10495 Bandley Avenue 
Cupertino, CA 95014-1972 
TEL: (408) 342-1220 

FAX: 408 342 1221 


Vision Technical Sales, Inc. 


* 26010 Mureau Road 
Suite 140 
Calabasas, CA 91302 
TEL: (818) 878-7955 
FAX: 818 878 7965 


Arrow/Schweber 
Calabasas 
TEL: (818) 880-9686 


Fremont 
TEL: (408) 432-7171 


Irvine 

TEL: (714) 587-0404 
San Diego 

TEL: (619) 565-4800 


San Jose 
TEL: (408) 441-9700 


* Field Application Assistance Available 


SALES OFFICES 


North American Sales Offices, Representatives and Authorized Distributors 


Hamilton Hallmark 
Costa Mesa 
TEL: (714) 789-4100 


Los Angeles 
TEL: (818) 594-0404 


Sacramento 
TEL: (916) 632-4500 


San Diego 
TEL: (619) 571-7540 


San Jose 
TEL: (408) 435-3500 


Wyle Electronics 
Los Angeles 
TEL: (818) 880-9000 


Irvine 
TEL: (714) 789-9953 


Sacramento 
TEL: (916) 638-5282 


San Diego 
TEL: (619) 565-9171 


Santa Clara 
TEL: (408) 727-2500 


Zeus, An Arrow Company 
San Jose 

TEL: (408) 629-4789 

TEL: (800) 52-HI-REL 


Irvine 
TEL: (714) 581-4622 
TEL: (800) 52-HI-REL 


CANADA 


Biakewood Electronic 
Systems, Inc. 

#201 - 7382 Winston Street 
Burnaby, BC Canada V5A 2G9 
TEL: (604) 444-3344 

FAX: 604 444 3303 


Clark Hurman Associates 
Units #39, 40 & 41 

16 Regan Road 

Brampton, Ontario 

Canada L7A 1C1 

TEL: (905) 840-6066 

FAX: 905 840-6091 


308 Palladium Drive 
Suite 200 

Kanata, Ontario 
Canada K2B 1A1 
TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 
TEL: (514) 421-7411 


Nepan, Ontario 
TEL: (613) 226-6903 


Mississagua, Ontario 
TEL: (905) 670-7769 


Farnell Electronic Services 
Burnaby, British Columbia 
TEL: (604) 606-8950 


Calgary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 


Nepean, Ontario 
TEL: (613) 596-6980 


Pointe Claire, Quebec 
TEL: (514) 697-8149 


Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 
Mississagua, Ontario 
TEL: (905) 564-6060 
Montreal 

TEL: (514) 335-1000 
Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 
TEL: (604) 420-4101 


Toronto 
TEL: (905) 564-6060 


COLORADO 


Compass Mktg. & Sales, Inc. 
14142 Denver West Pkwy #200 
Golden, CO 80401 

TEL: (303) 277-0456 

FAX: 303 277-0429 


Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 


Wyle Electronics 
Denver 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 


Advanced Tech. Sales, Inc. 
Westview Office Park 

Bldg. 2, Suite 1C 

850 N. Main Street Extension 
Wallingford, CT 06492 

TEL: (508) 664-0888 

FAX: 203 284 8232 


Alliance Electronics, Inc. 
Milford 
TEL: (203) 874-2001 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 
TEL: (203) 271-5700 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 


* 


Harris Semiconductor 
2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Harris Semiconductor 
1025 W. Nasa Blvd. Bidg. F 
Melbourne, FL 32919 

TEL: (407) 729-4984 

FAX: 407 729 3276 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


4175 East Bay Drive, Suite 128 


Clearwater, FL 34624 
TEL: (813) 536-5771 
FAX: 813 536 6933 


600 S. Federal Hwy., Suite 218 


Deerfield Beach, FL 33441 
TEL: (954) 429-1077 
FAX: 954 429 0019 


Arrow/Schweber 
Deerfield Beach 
TEL: (954) 429-8200 


Lake Mary 

TEL: (954) 333-9300 
Hamilton Hallmark 
Miami 

TEL: (954) 484-5482 


Orlando 


TEL: (407) 657-3300 


Largo 


TEL: (813) 541-7440 
Wyle Electronics 


Fort Lauderdale 
TEL: (954) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 


* 


Giesting & Associates 
2434 Hwy. 120, Suite 108 
Duluth, GA 30136 

TEL: (770) 476-0025 
FAX: 770 476 2405 


Arrow/Schweber 
Duluth 
TEL: (770) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (770) 623-4400 


Wyle Electronics 
Atlanta 
TEL: (770) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


ILLINOIS 


* 


* Field Application Assistance Available 


Harris Semiconductor 

1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 

TEL: (847) 240-3480 

FAX: 847 619 1511 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (847) 640-1850 

FAX: 847 640 9432 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Hamilton Hallmark 
Chicago 

TEL: (847) 797-7300 
Newark Electronics, Inc. 
Chicago 

TEL: (312) 907-5436 
Wyle Electronics 
Chicago 

TEL: (708) 620-0969 
Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


INDIANA 


* 


Harris Semiconductor 
11590 N. Meridian St. 
Suite 100 

Carmel, IN 46032 

TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


Arrow/Schweber 
Indianapolis 
TEL: (317) 299-2071 


EMC 

Indianapolis 

TEL: (317) 484-3050 
Hamilton Hallmark 


Carmel 
TEL: (317) 575-3500 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 


Oasis Sales 

4905 Lakeside Dr., NE 
Suite 203 

Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


Arrow/Schweber 
Cedar Rapids 
TEL: (319) 395-7230 


Hamilton Hallmark 
Cedar Rapids 
TEL: (319) 362-4757 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 


Advanced Tech. Sales, Inc. 
2012 Prairie Circle Suite A 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Hallmark 
Kansas City 
TEL: (913) 663-7900 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KENTUCKY 
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Giesting & Associates 

339 Arrowhead Springs Lane 
Versailles, KY 40383 

TEL: (606) 873-2330 

FAX: 606 873 6233 


MARYLAND 


New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 

TEI: (410) 761-4100 

FAX: 410 761-2981 


Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Hamilton Hallmark 
Columbia 
TEL: (410) 720-3400 


Wyle Electronics 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 


* 


Harris Semiconductor 

Six New England Executive Pk. 
Burlington, MA 01803 

TEL: (617) 221-1850 

FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Gerber Electronics 
Norwood 

TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 
TEL: (508) 532-9893 


Wyle Electronics 
Bedford 
(617) 271-9953 


Zeus, An Arrow Company 
Wilmington, MA 

TEL: (508) 658-4776 

TEL: (800) HI-REL 


MICHIGAN 


* 


Harris Semiconductor 
27777 Franklin Rd., Suite 460 
Southfield, MI 48034 

TEL: (810) 746-0800 

FAX: 810 746 0516 


Giesting & Associates 

34441 Eight Mile Rd., Suite 113 
Livonia, MI 48152 

TEL: (810) 478-8106 

FAX: 810 477 6908 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Plymouth 

TEL: (313) 416-5800 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


Hamilton Halimark 
Minneapolis 

TEL: (612) 881-2600 

Wyle Electronics 
Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSOURI 


Advanced Tech. Sales 
13755 St. Charles Rock Rd. 
Bridgeton, MO 63044 

TEL: (314) 291-5003 

FAX: 314 291 7958 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEBRASKA 


Advanced Tech. Sales, Inc. 
601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


NEW JERSEY 


* 


Harris Semiconductor 
Plaza 1000 at Main Street 
Suite 104 

Voorhees, NJ 08043 

TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
724 Route 202 

P.O. Box 591 
Somerville, NJ 08876 
TEL: (908) 685-6150 
FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 


Pine Brook 
TEL: (201) 882-8358 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 
Albuquerque, NM 87109 

TEL: (505) 344-9990 

FAX: 505 345 4848 


Hamilton Hallmark 
Albuquerque 
TEL: (505) 293-5119 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 


* 


* Field Application Assistance Available 


Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0291 Analog 
TEL: (516) 342-0292 Digital 
FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Trionic Associates, Inc. 
320 Northern Bivd. 
Great Neck, NY 11021 
TEL: (516) 466-2300 
FAX: 516 466 2319 
Alliance Electronics, Inc. 
Huntington 

TEL: (516) 673-1930 
Arrow/Schweber 
Farmingdale 

TEL: (516) 293-6363 
Hauppauge 

TEL: (516) 231-1000 
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Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Hamilton Hallmark 
Long Island 
TEL: (516) 737-0600 


Hauppauge 
TEL: (516) 434-7470 


Rochester 
TEL: (716) 272-2740 


Wyle Electronics 
Long Island 
TEL: (516) 293-8446 


Rochester 
TEL: (716) 334-5970 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 


New Era Sales 

1215 Jones Franklin Road 
Suite 201 

Raleigh, NC 27606 

TEL: (919) 859-4400 
FAX: 919 859 6167 


Arrow/Schweber 
Raleigh 
TEL: (919) 876-3132 


EMC 
Charlotte 
TEL: (704) 394-6195 


Hamilton Hallmark 
Raleigh 
TEL: (919) 872-0712 


Wyle Electronics 
Raleigh 

TEL: (919) 481-3737 
TEL: 800-950-9953 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 


Giesting & Associates 
P.O. Box 39398 

2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792 6601 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


Alliance Electronics, Inc. 
Dayton 
TEL: (513) 433-7700 


Arrow/Schweber 
Solon 
TEL: (216) 248-3990 


Centerville 
TEL: (513) 435-5563 


EMC 
Columbus 
TEL: (614) 299-4161 


Cleveland 
TEL: (216) 442-3441 


Hamilton Hallmark 
Cleveland 
TEL: (216) 498-1100 


Columbus 
TEL: (614) 888-3313 


Dayton 
TEL: (513) 439-6735 


Wyle Electronics 
Cleveland 
TEL: (216) 248-9996 


Dayton 
TEL: (513) 436-9935 
Zeus, An Arrow Company 


TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


OKLAHOMA 


Nova Marketing 

8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 

TEL: (918) 660-5105 

FAX: 918 357 1091 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Hallmark 
Tulsa 
TEL: (918) 459-6000 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 


Northwest Marketing Assoc. 
4905 SW Griffith Drive Suite 106 
Beaverton, OR 97005 

TEL: (503) 644-4840 

FAX: 503 644-9519 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Hallmark 
Portland 
TEL: (503) 526-6200 


Wyle Electronics 
Beaverton 
TEL: (503) 643-7900 
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North American Sales Offices, Representatives and Authorized Distributors (Continued) 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 


Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


Arrow/Schweber 
Pittsburgh 
TEL: (412) 856-9490 


Hamilton Hallmark 
Pittsburgh 
TEL: (800) 332-8638 


Wyle Electronics 
Philladelphia 
TEL: (609) 439-9110 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


TEXAS 


* 


North American Authorized Distributors and Corporate Offices 


Harris Semiconductor 
17000 Dallas Parkway, 
Suite 205 

Dallas, TX 75248 

TEL: (214) 733-0800 
FAX: 214 733 0819 


Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


8350 Meadow Rd., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium Ii, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


Allied Electronics, Inc. 
Ft. Worth 
TEL: (800) 433-5700 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 647-6868 


Hamilton Hallmark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 
TEL: (713) 781-6100 


Wyle Electronics 
Austin 

TEL: (512) 345-8853 
Dallas 

TEL: (214) 235-9953 


Houston 
TEL: (713) 879-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 
Compass Mktg. & Sales, Inc. 


5 Triad Center, Suite 320 
Salt Lake City, UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Wyle Electronics 
Orem (Telesales) 
TEL: (801) 226-0991 


Salt Lake City 
TEL: (801) 974-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WASHINGTON 


Northwest Marketing Assoc. 


12835 Bel-Red Road 
Suite 330N 

Bellevue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Hamilton Hallmark 
Seattle 
TEL: (206) 882-7000 


Wyle Electronics 
Seattle 
TEL: (206) 881-1150 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WISCONSIN 
Oasis Sales 
1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Wyle Electronics 
Milwaukee 
TEL: (414) 879-0434 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 


Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 | 
FAX: (407) 290-0164 


Elmo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 
Austin, TX 78754 
TEL: (512) 834-2022 
FAX: (512) 837-6285 


Puerto Rican 
Authorized Distributor 
Hamilton Hallmark 
El Senorail M/S Box 862 
San Juan, PR 00926 
TEL: (809) 760-1158 
FAX: 809 754-4356 


South American 
Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Brasil Ltda. 
Rua Baronesa de Itu, 
336 cj. 51/52 Sao Paulo - SP 
CEP: 01231-000 
TEL: 55-11-826-1666 
FAX: 55-11-826-6526 


Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


* Field Application Assistance Available 


Alliance Electronics 

(SAB Status) 

7550 E. Redfield Rd. 

Scottsdale, AZ 85260 

TEL: (602) 483-9400 
(800) 608-9494 

FAX: (602) 443 3898 


Allied Electronics 
7410 Pebble Dr. 

Ft. Worth, TX 76118 
TEL: (800) 433-5700 


Arrow/Schweber 
Electronics 

25 Hub Dr. 

Melville, NY 11747 
TEL: (800) 777-2776 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 
300 North Rivermede Rd. 
Concord, Ontario 

Canada L4K 3N6 

TEL: (416) 798-4884 

FAX: 416 798 4889 


Gerber Electronics 

128 Carnegie Row 
Norwood, MA 02062 

TEL: (617) 769-6000, x156 
FAX: 617 762 8931 


Hamilton Hallmark 
10950 W. Washington Bivd. 
Culver City, CA 90230 
TEL: (800) 332-8638 
Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 

(800) 367-3673 
FAX: 312 275-9596 


Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (800) 414-4144 
FAX: 801 226-0210 
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Zeus Electronics, 

An Arrow Company 
100 Midland Avenue 
Pt. Chester, NY 10573 
TEL: (800) 524-4735 


Obsolete Products: 


Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


European Sales Offices, Representatives and Authorized Distributors 


European Sales 
Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/...09 


AUSTRIA 
Avnet E2000 
Waidhausenstrasse 19 
A- 1140 Wien 
TEL: 43 1 9112847 
FAX: 43 1 9113853 


EBV Elektronik 
Diefenbachgasse 35/6 
A- 1150 Wien 

TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 


Eurodis Electronics 
Lamezanstrasse 10 
A - 1232 Wien 

TEL: 43 1610 620 
FAX: 43 1610 62 151 


Spoerle Electronic 
Heiligenstadter Str. 52 
A- 1190 Wien 

TEL: 43 1 31872700 
FAX: 43 1 3692273 


BELGIUM 

Diode Spoerle 
Keiberg II 
Minervastraat, 14/B2 
B-1930 Zaventem 
TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 
Excelsiorilaan 35B 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


Eurodis Texim Electronics 
* Avenue des Croix de 

Guerre 116 

B - 1120 Brussels 

TEL: 32 2 247 49 69 

FAX: 32 2 215 81 02 


CZECKOSLOVAKIA 
Spoerle Electronic 
Charkovska 24 
CZ-10100 Praha 10 
TEL: 42 2 73 13 54 
FAX: 42 2 73 13 55 


DENMARK 
Arrow-Exatec a/s 
Mileparken 20E 
DK2740 
Skoviunde 
TEL: 45 44 92 70 00 
FAX: 45 44 92 60 20 


Avnet Nortec 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 44 88 08 00 
FAX: 45 44 88 08 88 


* 


* 


* 


* Field Application Assistance Available 


Ditz Schweitzer 
Titangade 15 

DK - 2200 Copenhagen N 
TEL: 45 3586 9090 

FAX: 45 3586 9060 


EBV Elektronik 
Ved Lunden 9 

DK - 8230 Abyhoel 
TEL: 45 86 25 04 66 
FAX: 45 86 25 06 60 


EBV Elecktronik 
Gladsaxevej 370 

DK - 2860 Soborg 
TEL: 45 39 69 05 11 
FAX: 45 39 69 05 04 


independent Electronic 
Components 
Poppelskellet 2 

DK-2000 Frederiksberg 
TEL: 45 3645 1206 

FAX: 45 3645 1205 


FINLAND 


Arrow Field OY 
Niittylantie 5 
FIN-00620 Helsinki 
TEL: 358 0 777 571 
FAX: 358 0 798 853 


Avnet Nortec 
Italahdenkatu, 18A 
FIN - 00210 Helsinki 
TEL: 358 061 31 8250 
FAX: 358 069 22 326 


Bexab Finland OY 
Asemakuja 2A 

FIN - 02770 Espoo 
TEL: 358 0 6135 2690 
FAX: 358 0 6135 2655 


Harcomb Electronics 
Reinikkalan Kartano 

SF - 51200 Kangasniemi 
TEL: 358 59 432031 
FAX: 358 59 432367 


FRANCE 


* 


Harris Semiconducteurs 
2-4, Avenue de I'Europe 

F - 78941 Velizy Cedex 

TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 00(Sales) 
FAX: 33 1 39 46 40 54 


3D 

Z| des Glaises 

6/8 rue Ambroise Croizat 
F - 91127 Palaiseau 
TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 06 99 


Avnet EMG 

79, Rue Pierre Semard 

P.B. 90 

F-92322 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 

FAX: 33 1 49 65 25 39 


CCl Electronique 

12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


EBV Elektronik 

Parc Club de la Haute Maison 
16, Rue Galilee 

Cite Descartes 

F - 77420 Champs-sur-Marne 
TEL: 33 1 64 68 86 00 

FAX: 33 1 64 68 27 67 


GERMANY 

Harris Semiconductor 
Putzbrunnerstrasse 69 
D-81739 Minchen 
TEL: 49 89 63813-0 
FAX: 49 89 6377891 


Harris Semiconductor 
Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 


Harris Semiconductor 
Kolumbusstrasse 31/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 


Ecker Michelstadt 

In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstadt 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 2300 30 
FAX: 49 2502 2300 18 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 6 09 70 04 
FAX: 49 89 6 09 81 70 


Hartmut Welte 
* Traubenweg 7 
D - 88048 Friedrichshafen 
TEL: 49 7544 72555 
FAX: 49 7544 72559 


Avnet/E2000 
Stahigruberring, 12 

D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


* 


* 


* 


* 
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* 


» 


* 


EBV Elektronik 
Ammerthalstrasse 28 
D-85551 Kirchheim- 
Heimstetten 

TEL: 49 89 99 11 40 
FAX: 49 89 99 11 44 22 


Eurodis Enatechnik 
Electronics 
Pascalkehre, 1 

D - 25451 Quickborn 
P.B. 1240 

D - 25443 Quickborn 
TEL: 49 4106 701-0 
FAX: 49 4106 701 268 


Indeg Industrie Elektronik 
Emil Kommerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 9 40 65 

FAX: 49 6331 9 40 64 


Sasco Semiconductor 
Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn-bei- 
Minchen 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 304-8 
FAX: 49 6103 304 201 


GREECE 


Semicon 

104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 


Aviv Electronics 

Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 983232 

FAX: 972 9 916510 


ITALY 


* 


Harris Semiconductor 
Viale Fulvio Testi, 126 
1-20092 Cinisello Balsamo, 
(Milan) 

TEL: 39 2 262 07 61 

(Disti & OEM ROSE) 

TEL: 39 2 262 22 21 27 
(Disti & OEM Italy) 

FAX: 39 2 262 22 158 


Avnet EMG 

Centro Direzionale 
Via Novara, 570 

| - 20153 Milano 

TEL: 39 2 38 19 01 
FAX: 39 2 38 00 29 88 


Y) 
Lu 
ol 
< 
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European Sales Offices, Representatives and Authorized Distributors (Continued) 


* 


EBV Elektronik 

Via C. Frova, 34 

] - 20092 Cinisello Balsamo (MI) 
TEL: 39 2 660 17111 

FAX: 39 2 660 17020 


Eurelettronica 

Via Enrico Fermi, 8 

I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 10 13 70 
FAX: 39 2 66 10 13 85 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 


* 


* 


* 


Auriema Nederland 
Beatrix de Rijkweg, 8 
NL - 5657 EG Eindhoven 
TEL: 31 40 250 2602 
FAX: 31 40 251 0255 


Diode Spoerle 

Coltbaan 17 

NL - 3439 NG Nieuwegein 
TEL: 31 30 609 1234 
FAX: 31 30 603 5924 


Diode Spoerle 

Postbus 7139 

NL - 5605 JC Eindhoven 
TEL: 31 40 254 5430 
FAX: 31 40 253 5540 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 


NORWAY 


Arrow-Tahonic as 
Sagveien 17 

PO Box 1551, Torshov 
0404 Oslo 

TEL: 47 22 37 84 40 
FAX: 47 22 37 07 20 


Avnet Nortec 
Smedsvingen 4B, Box 123 
N - 1364 Hvalstad 

TEL: 47 66 84 62 10 

FAX: 47 66 84 65 45 


POLAND 


* Field Application Assistance Available 


Spoerle Electronic 
ul. Domaniewska 41 
PL-02672 Warszawa 
TEL: 48 22 64 00 447 
FAX: 48 22 64 00 348 


PORTUGAL 


Amitron-Arrow 

Quinta Grande, Lote 20 
Alfragide 

P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


SPAIN 


* 


Elcos 

c/Avda Europa, 30 1 B-A 
SP 28224 Pozuelo de 
Alarcon/Madrid 

TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


Amitron-Arrow 
Albasanz, 75 

SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

Centro Empresarial Euronova 
Ronda de Poniente, 

4 Ala Derecha 

1A Planta, Officina A 

SP - 28760 Tres Cantos 
Madrid 

TEL: 34 1 8 04 32 56 

FAX: 34 18 04 41 03 


SWEDEN 


Arrow TH & AB 
Datavagen 12A 
S-436 32 ASKIM 
TEL: 46 31 68 38 00 
FAX: 46 31 68 11 15 


Avnet Nortec 
Englundavagen 7 
P.O. Box 1830 

S - 171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


Bexab Sweden AB 
P.O. Box 523 
Kemistvagen, 10A 
S - 183 25 Taby 
TEL: 46 8 630 88 00 
FAX: 46 8 732 70 58 


SWITZERLAND 


Avnet E2000 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


Basix AG 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41 12 76 11 11 
FAX: 41 1 2761234 


uD 


* 


EBV Elektronik 
Vorstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 740 10 90 
FAX: 41 1 741 5110 


Eurodis Electronic 
Bahnstrasse 58/60 
CH - 8105 Regensdorf 
TEL: 41 1 843 3111 
FAX: 41 1 843 39 00 


Spoerle Electronic 
Cherstrasse 4 

CH-8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 

FAX: 41 1 874 6200 


TURKEY 


EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 


UNITED KINGDOM 


» 
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Harris Semiconductor 
Riverside Way 
Watchmoor Park 
Camberley 

Surrey GU15 3YQ 
TEL: 44 1276 686 886 
FAX: 44 1276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Complementary 
Technologies 

Redgate Road 

South Lancashire, Ind. Estate 
Ashton-In-Makerfield 

Wigan, Lancs WN4 8DT 
TEL: 44 1942 274 731 

FAX: 44 1942 274 732 


Stuart Electronics 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1555 751566 
FAX: 44 1555 751562 


Arrow Jermyn 

St Martins Business Centre 
Cambridge Road 

Bedford MK42 OLF 

TEL: 44 1234 270027 

FAX: 44 1234 214674 


FARRIS 


SEMICONDUCTOR 


Avnet Access 

Jubilee House, Jubilee Road 
Letchworth 

Herts SG6 1QH 

TEL: 44 1462 480888 

FAX: 44 1462 488567 


Farnell Components 
Sales, Marketing & Admin 
Center 

Canal Road, Armley 
Leeds LS12 2TU 

TEL: 44 1132 790101 
FAX: 44 1132 311706 


Farnell Electronic 
Services (ESD) 
Edinburgh Way. 
Harlow 

Essex CM20 2DE 
TEL: 44 1279 626777 
FAX: 44 1279 441687 


Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 
TEL: 44 1628 76176 
FAX: 44 1628 783799 


Thame Components 

Thame Park Rd. 

Thame, Oxfordshire OX9 3UQ 
TEL: 44 1844 261188 

FAX: 44 1844 261681 


Harris Semiconductor 
Chip Distributors 


Die Technology 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 

TEL: 44 61 626 3827 

FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


South African 
Authorized Distributor 
TRANSVAAL 


Allied Electronic 
Components 

10, Skietlood Street 
Isando, Ext. 3, 1600 

P.O. Box 69 

Isando, 1600 

TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 

FAX: 27 11 974 9683 


Asian Pacific Sales Offices, Representatives and Authorized Distributors 


AUSTRALIA 


+ 


Harris Semiconductor 

c/o Lanier (Australia) Pty Ltd. 
Unit 1/39 Heroert St. 

St Leonards, NSW 2065 

TEL: (61 2) 901-6222 

FAX: (61 2) 906-2527 


Avnet VSI Electronics Pty Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 

TEL: (612) 878-1299 

FAX: (612) 878-1266 


CHINA/HONG KONG 


* Field Application Assistance Available 


Harris Semiconductor 

China Ltd 

Room 3005 88 Tong Ren Road 
Shanghai, 20040 China 

TEL: 86-21-6247-7923 

FAX: 86-21-6247-7926 


Harris Semiconductor 
China Ltd. 

Unit 1801-2, 18th Floor 
83 Austin Road 
Tsimshatsui, Kowloon 
TEL: (852) 2723-6339 
FAX: (852) 2724-4369 


Edal Electronics Co., Ltd. 
Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 
Kowloon Bay, Kowloon 
TEL: (852) 2305-3863 
FAX: (852) 2759-8225 


Lucas Trading 

Unit A, 8F 

88 Hung To Road, Kwun Tong 
Kowloon, Hong Kong 

TEL: 852-3044023 

FAX: 852-3040065 


Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 

Hung Hom, Kowloon 

TEL: (852) 2334-8188 

FAX: (852) 2334-8649 


Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Cir. 
396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 

FAX: (852) 2763-5477 


Array Electronics Limited 
24/F Wyler Centre, Phase 2 
200 Tai Lin Pai Road 

Kwai Chung 

New Territories, Hong Kong 
TEL: (852) 2418-3700 

FAX: (852) 2481-5872 


Inchcape Industrial 

10/F, Tower 2, Metroplaza 
223 Hing Fong Road, 

Kwai Fong 

New Territories, Hong Kong 
TEL: 852-2410-6555 

FAX: 852-2401-2497 


Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 

Hi-Tech Ind. Centre 

5-12 Pak Tin Par St., 

Tsuen Wan, New Termitories, H.K. 
TEL: (852) 2499-3109 

FAX: (852) 2417-0961 


INDIA 


Intersil Private Limited 

Plot 54, SEEPZ 

Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 

FAX: (91) 22-836-6682 


Graftec Elec 

49 J.C. Road 
Bangalore 560002 
TEL: (91) 80 223 3346 
FAX: (91) 80 222 6490 


Graftec India 

No 143 Lakshmi Building 
R.V. Road, V.V. Puram 
Bangalore 560004 
Karnataka 

TEL: (91) 80-661 1095 
FAX: (91) 80-222 6490 


BBS Electronics (India) Pvt Ltd 
309 Richmond Tower 

No 12, Richmond Road 
Bangalore 560025 

TEL: (91) 80-221-7912 

FAX: (91) 80-227 8043 


S M Creative Electronics Ltd 
10 Electronic City 
Sector 18, Gurgaon 122015 
Haryana 
TEL: 91 124 342 137/237/1551 
FAX: 91 124 236 or 

91 11 622 8474 


INDONESIA 


P.T. Silicontama Jaya 

Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 

TEL: (62) 21-345 4050 

FAX: (62) 21-345 4427 


JAPAN 


Harris K.K. 

Kojimachi-Nakata Bidg. 4F 
5-3-5 Kojimachi 

Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 

FAX: (81) 3-3265-7575 


Hakuto Co., Ltd. 

1-1-13 Shinjuku Shinjuku-ku 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 


Jepico Corp. 

Shinjuku Daiichi Seimei Bidg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 81 3-3348-0611 

FAX: 81 3-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 81 45-939-6116 
FAX: 81 45-939-6117 


Micron, Inc. 

DJK Kouenji Bidg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 81-3-3317-9911 
FAX: 81-3-3317-9917 


Mitsuiwa Shoji Co., Ltd. 
Namikibashi Bldg. 
3-15-8 Shibuya 
Shibuya-Ku, Toyko 150 
TEL: 81 3-3407-2181 
FAX: 81 3-3407-1472 


Nissei Electronics Ltd. 
Hitachi Atago Bldg. 
2-15-12 Nishi-Shimbashi 
Minato-Ku, Tokyo 105 
TEL: 81 3-3504-7921 
FAX: 81 3-3504-7900 


Okura Electronics Co., Ltd. 
Okura Shoji Bidg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 81 3-3564-6822 

FAX: 81 3-3564-6870 


Takachiho Koheki Co., Ltd. 
1-2-8, Yotsuya 

Shinjuku-ku, Tokyo 160 
TEL: 81 3-3355-6695 

FAX: 81 3-3357-5034 


KOREA 
Harris Semiconductor YH 
RM #419-1 
Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 
TEL: 82-2-551-0931 
FAX: 82-2-551-0930 


H.B. Corporation 

Rm #1409, 

Seocho World Officetel, 
1355-3, Seocho-Dong, 
Seocho-Ku, Seoul 137-020 
TEL: 82-2-3472-3450 

FAX: 82-2-3472-3458 


Graftec Korea 

Room #611, Yongsan 
Electronic Offetel, 16-548 
3-Ga Hankang-Ro, 
Youngsan-Gu, Seoul 
TEL: 822-715-8857 

FAX: 822-715-8859 


inhwa Company, Ltd. 

Room #305, Daegyo Bldg., 56-4, 
Wonhyoro 3GA, 

Young San-Ku, Seoul 140-113 
TEL: 822-703-7231 

FAX: 822-703-8711 
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Kumoh Electric Co., Ltd. 
203-1, Yoido-Dong, 
Young Duing Po-Ku, Seoul 
TEL: 822-782-9393 
FAX: 822-782-9388 


Segyung Techcell Co., Ltd. 
Dansan Nonhyun Bidg., 270-45 
Nonhyun-Dong, 

Kangnam-Ku, Seoul 135-010 
TEL: 822-515-7477 

FAX: 822-515-8889 


MALAYSIA 
BBS Electronics (M) Sdn Bhd 
Lot 2-01, Wisma Denko 
41, Lorong Adu Siti 
10400 Penang 
TEL: (604) 228 0433 
FAX: (604) 228 1710 


NEW ZEALAND 
Arrow C & | Components and 
instrumentation NZ, Ltd. 
18 Pretoria Street-Lower Hutt 
P.O. Box 38-099 
Wellington 
TEL: (64) 4-566-3222 
FAX: (64) 4-566-2111 


PHILIPPINES 
Uraco Technologies 
Philippines Inc. 
Unit 12A/310 Project J.P. Rizal 
St. Project 4 
Quezon City, 1109 
TEL: (632) 922 2250 
FAX: (632) 922 8709 


SINGAPORE 
Harris Semiconductor Pte Ltd. 
#1, Tannery Road 09-01 
Cencon 1, Singapore 347719 
TEL: 65-748-4200 
FAX: 65-748-0400 


BBS Electronics Pte, Ltd. 
1 Genting Link 

#05-03 Perfect Indust. Bidg. 
Singapore 1334 

TEL: (65) 748-8400 

FAX: (65) 748-8466 


MACNIA, iNC. 
Singapore Branch 

101 Cecil Street #17-03 
Tong Eng Building, 
Singapore 069533 
TEL: 65-2227168 

FAX: 65-2200059 


TAIWAN 
Harris Semiconductor 
Room 823, N. 142, Sec. 3 
Ming Chuan East Road 
Taipei 10464, Taiwan, R.O.C. 
TEL: (886) 2-716-9310 
FAX: (886) 2-715-3029 
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Asian Pacific Sales Offices, Representatives and Authorized Distributors (continued) 


Applied Component Tech. Galaxy Far East Corporation TECO Enterprise Co., Ltd. THAILAND 

Corp. 8F-6, No. 390, Sec. 1 10FL., No. 292, Min-Sheng W. Electronics Source Co., Ltd. 
8F No. 233-1, Pao-Chia Road Fu Hsing South Road Rd. 138 Banmoh Rad. 

Hsin Tien City, Taipei Hsien, Taipei, Taiwan Taipei, Taiwan Pranakorn, Bankok 10200 
Taiwan, R.O.C. TEL: (886) 2-705-7266 TEL: (886) 2-555-9676 TEL: 66-2-2264145 

TEL: (886) 2 9170858 FAX: (886) 2-708-7901 FAX: (886) 2-558-6006 FAX: 66-2-2254985 


FAX: (886) 2 9171895 


Have you tried Harris’ AnswerFAX 24-Hour On-Demand Product Information Service? 
(407) 724-7800 


GIVE US A CALL... Harris’ toll-free number is 1-800-4-HARRIS (1-800-442-7747). You can request literature, 
get information on sales locations, or be connected to our Central Applications Group. 


SEE US ON THE NET ... Harris’ home page is hitp:/www.semi.harris.com or E-mail our Central Applications 
Group at centapp@harris.com for Technical Assistance. You'll find product information, design software, 
information on what’s new and much, much more. There are over 1,000 documents (datasheets, application 
notes, etc.) loaded with an easy-to-use search engine. 


For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 


Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


Go SEMICONDUCTOR 


www.semi.harris.com 


* Field Application Assistance Available 
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We're Backing You Up with Products, Support, and Solutions! 


Military/Rad- Hard Products 


Signal Processing 


Linear 

Custom Linear 
Data Conversion 
Interface 

Analog Switches 
Multiplexers 
Filters 

DSP 

Telecom 


Power Products 


Power MOSFETs 
IGBTs 

MCTs 

Bipolar 

Transient Voltage 
Suppressors 
MOVs 

Rectifiers 
Surgectors 

MLVs 


Intelligent Discretes 


DB309.1 


Intelligent Power 


e Power!lCs 

Power ASICs 

Hybrid Programmable 
Switches 
Full-Custom High 
Voltage ICs 


ASICs 

e Full-Custom 

Analog Semicustom 
Mixed-Signal 

ASIC Design Software 


Digital 


¢ CMOS Microprocessors 


and Peripherals 


¢ CMOS Microcontrollers 


¢ CMOS Logic. 


Military/Aerospace Programs 


e Strategic and Space 
Programs 


e Military ASIC Programs 


od NE 
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Logic 

- CD 4000 : 

- HCS/HCTS High Speed 

- ACS/ACTS Advanced 

Signal Processing 
Multiplexers 

- Sample and Holds 

- Communication Circuits 

- Switches 

- Data Converters 

- OP AMPs 


‘Memories 


- SRAMs 

PROMs 
Microprocessors and 
Peripherals 


Microcontrollers 


Discrete Power 
Bipolar | 
N-Channel MOSFETs 
P-Channel MOSFETs 


e ASICs 
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FPGAs | 
ESA SCC 9000 and 
Class S Screening 
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